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. I INTRODUCTION 

The rise of ephednne from obscurity to its present state of wide- 
spread popularity, within less than five years, involves a variety of 
features of unusual interest Much of the initial enthusiasm for the 
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drug was doubtless due to the somewhat dramatic circumstance that 
the traditional faith of the Chinese in one of their ancient remedies 
T\as about to be justified by Western science While ephednne has 
recently found a real place in therapeutics, the drug was known to 
experimenters and clinicians for some thirty >ears before its possi- 
bilities were appreciated The reason for this tardy recogmtion 
was simply the failure of the original investigators to use any but toxic 
doses m their animal experiments — a arcumstance which illustrates 
the readiness xvith which an initial misconception may be propagated 
and may influence the subsequent fate of a new remedy The history 
of ephednne is therefore of more than usual interest 
Apart from the historical aspect, ephednne has been the object of 
a great deal of investigation on the part of laboratory workers and 
clinicians The result has been not only the discovery of unantici- 
pated uses for the drug but — of greater ultimate importance — a 
renewal of interest in the problem of the relation of chemical com- 
position to physiological actions, and the direction of attention to the 
incompleteness of our knowledge concerning the mode of action of 
sympathomunetic drugs (i e , those w’hich produce effects similar to 
the result of excitation of sympathetic innervations) It is noxv quite 
certain that ephednne, m spite of its present popularity, is far from 
ideal m certain respects In the search for other remedies of this sort 
important progress has already been made, and undoubtedly much 
morehes m the immediate future For the benefit of those concerned in 
such work, and of the clinicians m whose hands rests the final decision 


concerning the validity of laboratory experimentation with agents of 
possible therapeutic importance, a compilation of the literature 
ea mg with ephednne should serve a useful purpose Tor if ephednne 
IS not the only agent of this sort to have been introduced into thera- 
peutics since epinephrine xvas discovered, it has certainly been the 
0 jeet of more investigation than any other In spite of this, the 
ra ure is full of disagreements and unjustified assumptions xvith 
fundamental features in the action of the drug, tliough 
efi'ecls""h^^ results are quite uniform m indicating that it produces 
mev 111 same nature as those of epinephrine It is 

fronted ° ii'Orkers xvith other substances of this sort xxill be con- 
"*ti the same difficulties "Ihese can be obx'iatcd, to some 
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extent at least, if it is generally realized that a drug can be sympa- 
thomimetic, in the original sense of the term, without duplicating all 
of the effects of epinephrine 


HISTORICAL 

As is generally known, ephedrine is an alkaloidal active principle 
obtained from a Chinese herb which, under the name of Ma Huang, 
has been used by native physicians for some 5000 years It was one 
of the drugs which is said to have been tasted by the Emperor Shen 
Nung, who placed it in the “medium class.” It is mentioned in the 
Pentsao Kang Mu, the Chinese dispensatory, written in 1596 by 
Shih-Cheng Li According to this authority Ma Huang is of value as 
a circulatory stimulant, diaphoretic, antipyretic, sedative in cough, 
and it is an ingredient of many famous prescriptions An English 
translation of the ancient Chinese records can be found m the paper 
by Hagerty and Woo. 

Plants similar to, if not identical with Ma Huang have been em- 
ployed as medicines since remote antiquity in other parts of the world. 
Thus, it is said (Berendes) that Greek physicians employed plants of 
the same genus {Ephedra) as Ma Huang, and that the Hippuris of 
Dioscorides (about 50 AD.) was E. fragilis var graeca The top of 
tills plant was used as an astringent, taken with wine it was said to 
produce diuresis and to cure 'dysentery, and both root and top were 
reputed to be useful in the treatment of cough, orthopnea, and internal 
rupture (Berendes) - 

In Russia Ephedras have been in medical use since olden times. In 
the 19th century decoctions of E vulgans, together with milk and 
butter, were recommended in the treatment of rheumatism and were 
regarded as a specific remedy for syphilis and gout, the latter virtue 
being attributed to the twigs and roots of the plant. The sap and 
candied fruits were used in the treatment of respiratory disorders, 
A peasant named Kusmitsch effected such marvelous cures with 
decoctions of Ephedra that he won a wide reputation, and Bechtin 
(1891) reported very strildng results with decoctions of E vulgaris in 
patients with rheumatism. Sassetslcy and Lewaschew, however, were 
unable to confirm these results (Grahe) 

In India the dried branches of E pachyclada, or E. intermedia. 
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are thought to possess medicinal value, but they are chiefly used in 
religious (Parsi) ceremonials It is also said that this plant, nuxed 
with milk and honey and allowed to ferment, was the “soma” of 
the Vedas, which was used to induce an exhilarating intoxication 
Incidentally, this appears to be the only mstance of employment of an 
Ephedra for the purpose of pleasurable intoxication, and it is possible 
that the effects were due to alcohol in this case 
In America a number of Ephedra plants were used by the Indians 
for vanous purposes E anltsyphthltca, E cahformca, and E 
netiadensts were regarded as valuable in the treatment of syphilis and 
gonorrhoea, and were used as local apphcations as well as by internal 
administration The Coahuila Indians made a cooling beverage 
from E neiiadensts, and the Panamint Indians made bread from the 
ground roasted seeds of the same plant The Indians and Spaniards 
used decoctions of E cahformca as a tonic and blood purifier, and 
E tnfiirca was regarded as an excellent remedy for nephritis In 
Mexico, E aspera is still used occasionally in the treatment of pneu- 
tnonia, and in Zacatecas E pedunculata is highly esteemed as a remedy 
for pleurisy and pneumonia 

It appears, therefore, that the Ephedras have long been utilized as 
empirical remedies in many discontiguous parts of the world On 
the whole, they seem to have enjoyed a reputation for two different 
sorts of usefulness — first, in the treatment of venereal diseases, and 
second, in treating disorders of the respiratory system 
The development of a useful modem drug out of these ancient 
remedies has centered upon the Chinese plant Ma Huang and, as is 
usually the case, has followed as a natural consequence of the isolation 
an active principle Pioneer work along these lines was done 
° y by the Japanese, w hose interest in Chinese drugs was naturally 
peater than that of the Western world because most of their empmcal 
culture^ uiedica including Ma Huang — was denved from the ancient 
u ure of China An active pnnaple was first isolated from Ma 
imnu ^ ® Yamanashi, who obtained a crystalline though 

withth^" Glance After his death the study was continued by Nagai, 
(1887) °f Y Hon, who obtained the alkaloid in pure form 

in 1888 Th compound was obtained in Germany by E Merck 
a name ephednne was first applied to this substance by 
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Nagai, though the name had already been coined in 1875 by Loew 
for the tanmn which he had prepared from E anhsyphihhca The 
name ephedrine is now used only m the sense in which Nagai em- 
ployed it, VIZ , to designate an alkaloidal active principle of Ma 
Huang and other Ephedi as 

Nagai’s ephedrine was subjected to physiological investigations by 
Miura (1887) This study disclosed the toxic effects of large doses 
upon the circulation and demonstrated the mydriatic action of the 
drug As a result it was mtroduced to Western medicine as a new 
mydriatic, but its vogue was limited and brief Apparently it was 
not utilized for other purposes and was regarded as a very toxic sub- 
stance It is mteresting to note that ephedrine, which has recently 
attained popularity as a substitute for or adjuvant to epmephnne, 
was available in pure form five years before the actions of suprarenal 
extracts were first worked out completely and more than twelve years 
before epinephrine, the active principle of suprarenal medulla, was 
first isolated 

Subsequently mterest in ephedrine was, for many years, almost 
wholly limited to analyses of its chemical composition and to attempts 
at synthesizing it (see below) Six years before our work was under- 
taken the Japanese investigators Amatsu and Kubota (1917) demon- 
strated the essentially sympathomimetic (epinephrine-like) effects of 
ephedrme, and other workers — Hirose, and To — also contributed to 
the same conclusion These publications attracted little attention in 
America and Europe, but as a result of their work the Japanese became 
so convinced of the value of ephedrine in the treatment of one condi- 
tion that is relieved by epmephnne — namely, asthma — that an 
ephednne-containing preparation was put on the market in Mukden 
under the name of Asthmatol No publication was made of the 
results obtained with this product and when the question of the 
therapeutic possibilities of ephedrine was reopened in 1923 this 
development was unknown to the Western world (and to the authors) 
It is proper, however, that the Japanese scientists should be given due 
credit for having been the first to appreciate the usefulness of ephe- 
drine for purposes other than ophthalmologic 

The work done by the authors upon this subject was the result of a 
suggestion made by a Chinese druggist, m response to an inquiry 
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concerning native drugs which might be expected to possess real 
actions Among others, Ma Huang was mentioned, and a small 
supply was obtained for future investigation In the autumn of 1923 
a decoction made from this material was injected into a vein of an 
anesthetized dog remaining alive at the end of a student exercise 
The consequent circulatory effect was the one now familiar as that of 
ephednne, and attention was concentrated upon this promising drug 
A crystalline alkaloid was readily isolated from it, and further experi- 
ments demonstrated that this was the active principle, that it possessed 
epinephnne-hke effects, that it was of comparatively low toxicity, 
and that it was effectively absorbed from the gastro-mtestmal tracts of 
dogs and men A search of the literature disclosed the identity of this 
substance as ephednne Clinical trial of the drug was limited by the 
small quantity of ephednne available at the time As soon as a 
sufficient supply was prepared it was submitted to Dr T G Miller, 
of the University of Pennsylvania, and to Dr L G Rowntree, of the 
Mayo Clinic, for clinical experiments The results being favorable, 
ephednne was made available to clinicians in general, as rapidly as 
possible In 1926 ephednne w as submitted to the Counal of Pharmacy 
and Chemistry of the Amencan Medical Association, and was sub- 
sequently approved by it The drug is now prepared by a number of 
manufacturers and is quite generally obtainable 

One of the interesting aspects of the usefulness of ephednne, as 
established by modern clinicians and experimenters, is that it justifies 
the Chinese tradition concerning Ma Huang in many respects 

n PHARIIACOGNOSA AND CHEMISTRY 

1 Bolany 

Ephednne occurs in certain plants of the genus Ephedra (family 
Ephedraceae) whicli includes a large number of species (35, according 
toEnglcrandPrantl, 1926 , 45, according to the Index Kewensis, 1895- 
1920) These are distributed throughout the temperate and sub- 
tropical regions of Europe, Asia, and Amcnca 1 hey are found in an 
area extending from the middle Amur region through central Asia, 
including its deserts and covenng China and Arabia, to the Mediter- 
ranean and even to the Canarj’ Islands (Englcr and Prantl), as well as 
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Siberia, Hungary, tbe Carpathian Mountains, the Western Alps, and 
Western France In the Americas they grow along the Rocky Moun- 
tains as far south as New Mexico, from Bolivia to Patagonia, and from 
Paraguay to the Atlantic Ocean 

Only a few of these Ephedras contain ephedrine In China ephe- 
drine-bearmg plants are found in the Tai-hung Mountains, which are 
the site of the Great Wall in Chihli Province They also occur in 
Shansi, Shensi, Kansu, Honan, and Hupeh Provinces (Read and 
assoaates, 1928) They are also found m Northern Chosen (Korea) 
and in Akita Prefecture in Japan In India and Tibet they occur 
along the Himalaya Mountains (Chopra and associates) 

The actual identification of Ma Huang has been somewhat uncer- 
tain It was formerly classified as E vitlgaits var helvehca (Nagai, 
Botanical Nomenclature, etc ), but this name appears to be obsolete 
Cowdiy (1922) identified Ma Huang as E eqmsehna, and this is the 
name recognized by the Council on Pharmacy and Chemistry of the 
American Medical Association for the plant from which ephedrine is 
obtained Holmes (1926) suggested that Ma Huang is E tniermedta 
var. UbeUca, while Stapf (1927) gave a provisional new name of E 
stnica to specimens submitted by Read and by Parke, Davis & Com- 
pany Liu and Read (1929) identified another species, E distachya, 
which is found in Western Chihli and is also known as Ma Huang 
This statement needs confirmation At present it appears that Ma 
Huang, from which most of the present supply of ephedrine is ob- 
tained, IS E simca or E eqinsetina (Small and Short) It has been 
shown recently by Chopra and his co workers (1928), that ephe- 
drine also occurs in the Indian species, E vulgaris, E pachyclada or 
intermedia, and E intermedia var Helvetica Their results have been 
confirmed by Read and Feng (1928) 

These are the prmcipal natural sources of ephedrine at present, 
though ephedrine is also found in plants growing m Southern Europe, 
in Northern China and in Japan Other Ephedi as have been examined 
but they contained no alkaloid, or only the isomeric pseudoephedrine, 
which IS distmctly less useful than ephedrine The American species 
E irifurca,E nevadensis,E calif ornica,a,ndE vindis were examined by 
Nielson, McCausland, and Spruth, and foimd to contam no alkaloid 
Terry obtained the same negative result with E neroadensis Clark 
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and Groff reported the presence of pressor substances in extracts 
of E califormca and E iievadensts, though no crj'stalhne active 
substance could be isolated Their results 'acre not substantiated by 
De Eds and Butt or by Read and Feng Black and Kelly found only 
pseudoephednne in E alala, collected in Morocco None of the 
American Ephedras have been shown to contain ephedrme, and upon 
transplanting the Swiss E otilgans (E distachya), which is believed 
to yield ephedrme, to this country, no alkaloid w as found in it after 
the first year of growth (Nielson and McCausland, 1928) 

2 Properites of cphcdnne 

a Isolalton Ephedrme, having the solubility reactions of a 
typical alkaloid, is very easily separated from an extract of the plant 
The following procedure has been found satisfactory 

The powdered crude drug is extracted with 60 per cent alcohol, 
the extract concentrated and treated ivith strong ammonum hydroxide 
or sodium carbonate This causes precipitation, and filtration is 
necessary ephedrme is present in both precipitate and filtrate, so that 
both must be dealt with The akaloid is extracted from them by 
means of chloroform or ether Upon removal of the solvent the 
residue is neutralized with dilute HCl orHjSOi, thus forming the cor- 
responding salt of the alkaloid, which is finally purified and repeatedly 
crystallized from absolute alcohol It is obvious that a chemical 
assay of ephedra-bearing plants is readily carried out, and this is 
fortunate because no satisfactory bio-assay has been developed 

h Yield Different investigators have obtained widely divergent 
results, even with the same plant, as shown in table 1 Generally 
speaking, the earlier workers obtained lower yields than the more 
recent ones, most of whom have succeeded in isolatmg more than 1 
per cent of total alkaloids from the Chinese plants of this 80 per 
cent or more is ephedrme The Indian species E pachyclada and 
E intermedia var Itbeltca have a distinctly lower ephedrme content 
than the Chinese 

Read and lus assoaates in Peiping have made careful studies of this 
question They (Feng and Read) find that the low yield of ephednne 
o tamed by previous workers was due to incomplete alkalinization of 
the percolate before extraction with chloroform or ether, and em- 
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phasize the necessity of adding a large excess of ammonium hydroxide 
in order to liberate the alkaloids completely They have also studied 
the variations in yield of ephedrme from different parts of the plant 
and at different seasons of the year (Feng and Read, 1928) They 
find progressive increase in total ephedrme content from spring to 
autumn, the maximum being attained just before the frosts The 
old Chinese custom of collecting the plant in the autumn therefore 
appears to be based upon sound observation During the flowering 
season the male plant contains more alkaloid than the female, the 


TABLE 1 

Assay of Ephedras reported by different workers 


SPECIES 

1 

TOTAL ALUV- 
LOXDS, PER 1 
CENT OF CRUDE 
DRUG 

EPHEDRINE, 
PER CENT OF 
THE TOTAL 

AUTHOR 

Ma Huang 

0 31-0 40 


Nagai 

Ma Huang 

0 02-0 09 


Chen 

Ma Huang 

0 30 


Masucci and Suto 

Ma Huang 

0 40-0 86 


Schoetzon and Needham 

Ma Huang 

0 20-0 90 


Neilson, McCausland and 
Sprunt 

Ma Huang 

0 64-1 43 


Williams 

E Eqmsetina 

1 75 

85-90 

Feng and Read 

B Smica 

1 32 

80-85 

Feng and Read 

E vulgaris 

1 02-1 27 

50 

Chopra, Dikshit and Pillai 

E vulgaris 

1 65-1 70 

70-80 

Read and Feng 

E pacliyclada 

1 8 

30-36 

Chopra, Dikshit and Filial 

E pacliyclada 

1 15 

30-40 

Read and Feng 

E intermedia var Tibetica 

0 25-0 60 


Chopra, Dikshit and Filial 


difference being greatest m May After the fruiting season the alka- 
loid content is practically equal m plants of both sexes With respect 
to the distribution of alkaloid m different parts of the plant, these 
investigators And (m E eqmsehna) that the nodes contain much less 
ephedrine than the internodes, and that the root, berries, seeds, and 
woody stalks contain none at all Similar conclusions were reached 
by Chopra and his associates with respect to Indian species of Ephedra 
The special tissue of the plant stem which is concerned m manu- 
facturing or storing ephedrine has not been determined Nothing is 
known about the manner m which it is S3mthesized by the plant or 
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the circumstances under which it may be transiormed into its optical 
isomer, pseudoephedrine, or demethylated or methylated within the 
plant A study of the climatic and soil conditions under which the 
plant would produce its maximum yield of ephedrine could be made 
with profit 

c Recent commercial dmclopmenl The recent popularity of ephe- 
dnne has led to the development of a considerable industry in China 
Ephednne has been upon the market for more than 30 years It has 
been listed in E Merck’s Index since 1896 Japanese manu- 
facturers (Damihon Sciyaku Kabushiki Kaisha, of Osaka, later suc- 
ceeded by the firms of Tanabe and Takeda) also prepared ephednne, 
and the proprietary preparation Asthmatol contained ephednne 
As far as is known to the reviewers, these were the only commercial 
supplies of ephedrine in the world prior to 1924, and the quantities 
produced were relatively insignificant, since the drug was scarcely 
used at all except for chemical investigations According to Mr G 
Woodard, Assistant Trade Commissioner of the United States at 
Shanghai, Ma Huang was exported almost exclusively through 
German firms lor the past 30 years Read (1928) states that Ma 
Huang was probably never exported from Tientsin prior to August, 
1926, but from this time the trade developed rapidly By the end of 
1926 the exports from Tientsin alone, and to the United States alone. 


amounted to 224,058 pounds, valued at $17,753, during 1927 they were 
622,060 pounds and 864,840, and for the first 11 months of 1928 they 
were 1 ,003,700 pounds and 869,300 (The figures for 1926 and 1927 are 


cited by Read, those for 1928 were furnished by Mr A G Ward, 
U S Vice Consul at Tientsin ) In addition to the crude drug, 
ephednne hydrocliloride, prepared by the Department of Chemical 
Products of Peiping Union Medical College, was exported through 
Tientsin as follows m 1926, 12 J pounds, valued at U S $3,612, 
in 1927, 23 pounds and $7,490, in 1928 (to December 1) 20 pounds and 
$3,688 Ma Huang has also been exported from Shanghai and 
Hankow, but the quantities concerned are unknown to the wnters 


It IS certain that the above figures underestimate the Chinese trade 
m this drug Purthermorc, ephednnc-contaming plants are also 
exported from Osaka and Tokyo, Japan, and from Karachi and 
Rawalpindi, India The world supply of these plants appears to hax e 
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satisfied the demand during 1927, and is now greater, for the average 
price of Ma Huang shipped from Tientsin to the United States during 
1927 was U. S $10 43 per 100 pounds, while during 1928 it fell to 
$6 91 

In contrast with the two concerns — one German, one Japanese — 
who were the sole purveyors of pure ephedrine pnor to 1924, the drug 
is now being prepared by eight firms in the United States, by one in 
Canada, by three m England, by two in Germany, by three in China, 
by four Japanese companies, and by two in India There may be 
others of which the writers are imaware. 

d Physical and chemical characterislics The alkaloid ephedrine 
is deposited from an ether solution as an oily substance, but colorless 
and odorless crystals appear as needles or rosettes on standing or 
recrystaUmation These melt at 34-40°C and boil above 200°C 
The specific rotation, [q;]d°, of the base is between— 6° and— 7 5° 
The alkaloid is soluble in ether, chloroform, alcohol, petroleum 
ether, and water, the solutions being strongly alkaline to litmus 
paper The crystallography of ephedrine has been investigated by 
Schwankte, and Walcott (quoted by Peterson, 1928) Geppert in- 
vestigated its effects upon the surface tension of water A peculiar 
reaction of ephedrine is the formation of the hydrochloride when it is 
shaken with chloroform this was pomted out by Peterson (1928), 
and is responsible for the high melting point incorrectly reported by 
Chen (1925) for ephednne base 

For laboratory and clinical uses the hydrochlonde and sulphate 
derivatives are most commonly used The hydrochlonde appears as 
white odorless crystals, with a meltmg-point of 214-220°, [«]„ — 33° to 
—35 5°, It contains 17 3 to 17 7 per cent of C1-, is soluble in water 
and alcohol, msoluble in chloroform, ether, and paraffine oil The 
sulphate occurs as fine, white, odorless crystals, melting at 240-243°C. 

—29° to -30°, contaming 21 8 to 23 1 per cent of SO4,- ", soluble 
in water and hot alcohol, msoluble m ether, chloroform, and paraffine 
oil 

Solutions of ephedrine or its salts react with few of the alkaloidal 
reagents With Mayer’s reagent there is a turbidity or white pre- 
cipitate, according to the degree of concentration Tsiang and Brown 
(1927) descnbed charactenstic micro-crystalline reactions when 
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ephedrme is treated with Millon’s reagent, gold chlonde, platmic 
chlonde, or Kraut’s reagent The most serviceable qualitative reac- 
tion of ephednne is that with copper sulphate and sodium hydroxide, 
which was first pointed out by Nagai (1892) a purple color appears 
which IS extractible with ether This test is sensitive to one part of 
ephednne m 400, and if the concentration exceeds 1 in 40 a pinkish 
purple precipitate is formed, and this is completely soluble in ether 
The chemical behavior of ephednne has been exhaustively studied 
by E Schmidt, Nagai, E R Miller, Flaecher, Calhess, Emde, and 
others Probably the most important property is its stability 
ephednne solutions are not decomposed by exposure to hght, air, or 
heat, and age apparently does not affect their activity Thus, a 
solution of ephednne hydrochloride, prepared and sealed in a sterile 
ampule by the authors on December 23, 1923, showed no change in 
appearance when opened on March 14, 1929, and produced the custom- 
ary pressor response when injected into a pithed cat Kendall and 
Witzmann (1927) have demonstrated the great resistance of ephednne 
to oxidation, as compared with epinephnne the former is not oxidized 
by dibromphenolindophenol, naphtholdichlonndophenol, methylene 
blue, or indigo carmine, nhile the latter is oxidized by all these agents 
e Siruciiire and tsomemin The chemical constitution of ephednne 
has been studied by Ladenburg and Oelschlagcl, Nagai, E Merck, 
E Schmidt, E R Miller, Rabe, Ogata, and others The empirical 
formula has been definitely established as CioHjsON, the structural 
formula as CtHj CHOH CHCHj NHCHs, or p-phenyl-fi-hydroxy- 
a-methyl-ethyl-methyl amine, or l-phenyl-2-methylaminopropanol-l, 
or a-hydroxy-3-methylamino-propyl benzene 


CHOH CH, NHCH, 



OH 


CHOH CHaii NHCIIi 



Epinephnne 


Ephednne 


Its chemical similarity to epinephnne is obvious 
The aboxe graphic formula of ephednne contains tao asimmetne 
carbon atoms, so that tao sets of stereoisomers, making six in all, are 
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possible All have been prepared synthetically (see the following 
section), they are designated d-, and d/-ephedrines, d-, 1 -, and 
d^-pseudoephedrmes, the dl forms being optically inactive racemic 
mixtures Only two occur m nature, namely ^ephedrme, which is 
the ephedrine now m use, and d-pseudoephednne, which is also found 
in Ma Huang, and which is the pseudoephedrine first isolated by 
Merck from European Ephedra, and recently prepared by Chou and 
Read (1926) from Ma Huang extracts from which ephedrine had been 
removed This is the pseudoephedrine of current literature Pseudo- 
ephedrine IS quite unlike ephedrine in melting-point (118°C ), optical 
rotation ( [q:]o 50°) and, to a certain extent, in physiological effects 
It is of particular interest, however, because ephedrine can readily 
be converted into it under certain conditions, which were studied by 
E. Schmidt, Nagai, and Calhess, more recently by Chou (1926) 
The literature dealing with the isomerism of these alkaloids was 
reviewed by Chen and Kao (1926) Emde (1928) has obtained evi- 
dence that the —OH and — NHCHs groups are distant from each 
other in the ephedrine molecule but close together in the pseudo- 
ephedrine molecule 

/. Other alkaloids occurring m Ma Huang In addition to ephedrine 
and pseudoephedrine, three other related (but not isomeric) alkaloids 
have been isolated from Ma Huang Smith (1927, 1928) obtained 
^-methyl-ephedrine and nor-d-pseudoephedrine Nagai and Kanao 
(1928) confirmed these findings, and succeeded in isolating a third 
alkaloid, namely, cf-methyl-pseudoephedrine It appears therefore, 
that ephedrine, like several useful alkaloids, occurs m nature along 
with 'closely related substances, though of these only pseudoephedrine 
occurs in appreciable quantity 

g Synthesis of ephedrine E Schmidt and his associates made 
various attempts and advances toward the synthesis of ephedrine 
Fourneau (1904) prepared a compound having the formula of ephe- 
drine He and his associates later succeeded in the synthesis by 
different methods His process was patented in England (1927), 
Nagai accomplished the synthesis in 1911 and patented his product 
in Japan, the United States, Canada and England, under the name 
of Methylmydriaiine All these products were racemic, as is always 
the case when an optically active substance is synthesized. However, 
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according to Ogata (1919), Nagai succeeded in 1918 in resohnng his 
product into I- and d-ephedrmes Recently, Nagai (1927) has stated 
that he was able to synthesize two racemic ephednnes, one melting 
at 40°, the other at 70°, and in separating each into its d- and /-com- 
ponents by means of tartaric acid the pair obtained from the mi\ture 
melting at 70° he called isoephedrines (identical with pseudoephe- 
drines) Spath and Gohring (1920) described their complete success 
in the synthesis and separation of all six isomers Eberhard (1915) 
also succeeded m synthesizing racemic ephedrme Kanao (1927) 
reported the success of his attempts to synthesize and separate the 
SIX isomers, confirming the results of Spath and Gohnng E Merck 
has recently placed synthetic racemic ephedrme on the market, under 
the name of Eplietontn, the process of preparation is patented in 
Germany and England Manske and Johnson (1929) and Skita and 
Keil (1929) have recently achieved new syntheses of ephedrme 
Foutneau and Nicolitch, Manske and Johnson, and Neuberg, Jacob- 
son and Wagner employed chemical agents other than tartaric acid 
in the resolution of racemic ephedrme 

It IS obvious that the final confirmation of the deduced structure of 
cphedrine— namely, synthesis of the substance — has been furnished 
repeatedly At present the natural product is more widely used than 
the synthetic and at the time of writing American manufacturers are 
supplying only natural ephedrme 

in PHABilACOLOGICAL ACTION 

Chen and Schmidt (1924) called the attention of the Western world 
to ephedrme m the belief that the actions of the drug were essentially 
sympathomimetic and that it should achieve a usefulness similar to 
that of epinephrine Tlus belief has been strengthened by subsequent 
clinical experience, and appears to be amply justified However, 
when the actions of ephedrme are compared with the pattern of 
sjonp-ithomiraetic effects — i e , the actions of epinephrine — m the 
hboratorvq differences arc perhaps mote frequent than analogies, and 
there has recently been a tendency on the part of several inv estigators 
to emphasize the differences as indicative of an absence of any sympa- 
thomimetic effect on the part of cphedrine It is scarcelj to be ex- 
pected, of course, that two different substances, how'ever closely 
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;lated, would possess physiological effects that are identical in all 
;spects, but if it should be proved that the important actions of 
ihedrine are fundamentally different from those of epmephrme the 
resent attitude of physicians toward ephednne would have to be 
idically altered On the whole, there appears to be no conclusive 
ndence that the actions of ephedrine that are of therapeutic unpor- 
ince are not sympathomimetic, and there is considerable evidence 
lat they are On the other hand, there is scarcely any respect in 
hich the effects of ephedrine are identical with those of epinephrine, 
id there are several instances in which the two substances have 
iposite actions upon the same structure or function. 

1 Action on lower forms of hfe 

Very little work has been done along these lines Macht (1929), 
ho has made a systematic study of the toxic effects of various sub- 
ances upon living plant orgamsms foimd that ephedrme was much 
ss toxic than epinephrine to the seedlings of Lupinus Albus, a con- 
jntration of 1 in 5,000 of ephedrine having a phyto-toxic index of 
) per cent This is in accord with other observations of the same 
ithor, indicating that a drug of animal origm is more toxic to plants 
lan one of vegetable origin In the sea crab, Falaemon, kept in 
to 1000 solution of ephedrine, a temperature of 36° induces heat 
ircosis in 30 minutes (Frohlich and Kreidl, 1921) 

Nadler reported interesting results from experiments with the 
[uid (Lohgo peaht) He found that epinephrine and ephedrine, 
jected subcutaneously, produced local blanching, which was sup- 
isedly due to inhibition of smooth muscle of the chromatophore 
^stem The effect of ephedrine differed from that of epinephrine in 
TO respects, however First, the blanching was much slower in its 
ipearance when ephedrme was used, though it lasted 8 hours or more 
stead of 10 min utes, which was the duration of the epinephrine 
feet Second, the animals injected with ephedrme showed a diffuse 
meralized reddish coloration exceptmg at the injected area, this 
iloration was also produced by intravascular or oral admmistration 
' the drug Since excitement or irritation of the animal likewise 
Lused the same color change, it was ascribed to stimulation by 
ihedrme of the central nervous system of the animal, epmephrme 
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apparently had no such effect These results indicate that the action 
of ephedrine upon this animal is twofold a peripheral epmephnne-hke 
one, and a stimulant one on the central nervous system 

Nadler also found that a number of substances produced penpheral 
effects opposite to those of epinephnne and ephedrme, namely, a local 
deep coloration at the site of injection These were parathyroid and 
anterior pituitary extracts, posterior pituitary extract, and banum 
chloride The last two are known to stimulate smooth muscle fibers 
directly, irrespective of their innervation (i e , they are musculotropic), 
and the effects in the sqmd were thought to be due to contraction of 
the chromatophore musculature He found that epinephnne or 
ephednne, injected in sufficient quantity into the red zone produced 
by injection of any of these agents, was able to antagonize the effect 
and produce local blanching 

This IS the only invesbgation, upon one of the low er forms of life, of 
the fundamental nature of the action of ephednne The conclusion 
was that the action of ephednne is epinephrme-hke (sympathomimetic) 
and not pituitrin-like (musculotropic) 

2 Actions on the ctrcttlahon 

These are probably the most striking effects of ephedrine m the 
common laboratory animals, and it is somewhat strange that they 
were not investigated until comparatively recent times If they had 
been, the present status of ephednne might have been attained several 
decades ago 

a The effect upon blood pressure The first work — that of Miura 
(1887) ^led to the conclusion that ephednne is essentially a arcula- 
tory depressant The doses used by him were excessive (fatal) 
ones, and cardiac depression evidently dominated the picture Grahe 

(1895) reported a slight rise of blood pressure of curanzed dogs upon 
subcutaneous or intravenous injection of ephednne or pseudoephednne, 
but his published tracings show barely detectable effects He also 
found that subsequent injections led to a fall in pressure The first 
demonstration of the characteristic pressor effect of ephednne w as that 
"ho injected the drug intravenously in anesthetized 
ra bits Amatsu and Kubota (1917) confirmed these results, and 
added the observation that the rise in pressure was not prevented by 
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destruction of the medulla or by paralytic doses of chloral hydrate 
Chen and Schmidt (1924) demonstrated similar effects m cats and 
dogs, and emphasized the relatively long duration of the effect of 
ephedrme, the diminution, disappearance, or reversal of the effect 
upon repeated injections, and the ability of ephedrme to raise blood 
pressure when taken by mouth Since then many workers have con- 
tributed to the subject, and the prmcipal features in the circulatory 
actions of ephedrine are well established 

Ephedrme causes a rise in blood pressure of anesthetized dogs when 
injected intravenously m dosage of 0 005 to 30 mgm per kilogram, 
but the greatest effect is produced by doses of 1 to 10 mgm per kilo- 
gram following such injection, blood pressure rises by 100 or more 
millimeters of mercury and is maintained at this level for at least 15 
to 25 minutes In unanesthetized dogs, 5 to 10 mgm of ephedrine 
per kilogram, by vein, was found by Pennetti (1928) to cause a rise m 
pressure lasting 3 to 4 hours 

The pressor effect of ephedrine appears to be less marked m rabbits 
than in cats and dogs (Kreitmair, 1927) The minimum pressor dose, 
injected intravenously, was found to be 0 05 mgm per kilogram in 
rabbits, wlule 1 /50th of this quantity was effective in cats 

Large quantities of ephedrine (40 to 65 mgm per kilogram) in- 
jected intravenously in dogs, cause only a fall m blood pressure 
(Chen and Meek, 1926) these are close to the fatal dose Kreitmair 
(1927) states that 10 mgm or more per kilogram injected into a vein 
causes a fall in blood pressure in cats This is the tjqie of effect 
observed by Miura (1887), who apparently did not try smaller doses 

When the pressor effect of ephedrme is compared with that of 
epinephrine, several outstanding points of difference are apparent 
First, the effect of epinephrine is much more intense but much less 
prolonged than that of ephedrme under optimal conditions, employ- 
ing intravenous inj’ections in cats, the rise in pressure produced by 
epinephrine is 100 (Nagel, 1925) to 142 (Chen) times as intense as that 
of the same quantity of ephedrine, but the effect of ephedrine com- 
monly persists 7 to 10 times as long as that of epinephnne (Chen). 
Second, the intensity of effect of epinephrine is so closely proportional 
to the quantity injected that the pressor response can be employed 
in assaying epinephrine preparations (United States Pharmacopoeia, 
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Ninth Revision), this is distinctly not the case -with ephednne, the 
circulatory effects of which are by no means proportional to the quan- 
tity injected (Chen and Schmidt, 1924) , they may be less from large 
doses than from smaller ones Third, following an intravenous injec- 
tion of epinephrine blood pressure frequently falls from the peak of the 
pressor effect to a subnormal level, rising slowly to normal, this is not 
true of ephednne, following which pressure simply falls very gradually 
to normal (Kreitmair, 1927) Fourth, when epinephrine injections 
are repeated the same degree of effect wall be obtained from each, 
with ephednne, however, the first dose is by far the most effective one, 
and upon repetition the pressor effect of eacli becomes progressively 
less until It disappears completely or is replaced by a depressor effect 
(Chen and Schmidt, 1924) This latter feature has been noted re- 
peatedly (Rowe, 1927, Rudolf and Graham, 1927, Kreitmair, 1927, 
Pittmger, 1928, Launoy and Nicolle, 1928) m cats, dogs, and rabbits, 
anesthetized or pithed Its explanation involves factors which are 
also responsible for most, if not all, of the other differences between 
the circulatory effects of ephednne and epinephrine, and the observa- 
tions bearing upon this question may properly be considered at this 
time 

The extent to which the arculation becomes “tolerant" to repeated 
injections of ephednne has been found to depend upon the size of the 
dose Thus, comparatively large quantities (about S mgm per kilo- 
gram), injected rapidly and at frequent intervals (5 to 10 minutes) 
very quickly become ineffective and soon lead to a depressor effect 
from each injection On the other hand, small doses (0 02 to 0 OS 
mgm per kilogram) may show cumulative effects (i e , a step-like 
rise in pressure to a sustained high level) if injected at close intervals 
(Chen, 1926), and if time is allowed for pressure to recover between 
injections each may sometimes — though by no means always — 
produce the same pressor effect The explanation advanced (Chen 
and Schmidt, 1924) lor the decreasing effectiveness of repeated injec- 
tions of ephednne is that maximal pressor effects are soon developed, 
and that additional quantities of the drug arc then incapable of 
producing further stimulant effects It has been suggested (Chen and 
hleek, 1926) that the “receptors” with which ephednne combines 
may be fewer m number, or more easily saturated, than thoseof 
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destruction of the medulla oi by paralytic doses of chloral hydrate 
Chen and Schmidt (1924) demonstrated similar effects in cats and 
dogs, and emphasized the relatively long duration of the effect of 
ephedrme, the diminution, disappearance, or reversal of the effect 
upon repeated injections, and the abihty of ephedrme to raise blood 
pressure when taken by mouth Since then many workers have con- 
tributed to the subject, and the principal features m the circulatory 
actions of ephedrme are well estabhshed 

Ephedrine causes a rise in blood pressure of anesthetized dogs when 
injected intravenously in dosage of 0 005 to 30 mgm per kilogram, 
but the greatest effect is produced by doses of 1 to 10 mgm per kilo- 
gram follovnng such injection, blood pressure rises by 100 or more 
millimeters of mercur}'- and is mamtamed at this level for at least 15 
to 25 minutes In unanesthetized dogs, 5 to 10 mgm of ephedrine 
per kilogram, by vein, was found by Pennetti (1928) to cause a rise m 
pressure lasting 3 to 4 hours 

The pressor effect of ephedrme appears to be less marked m rabbits 
than in cats and dogs (Kreitmair, 1927) The minimum pressor dose, 
injected intravenously, was found to be 0 05 mgm per kilogram in 
rabbits, while l/50th of this quantity was effective in cats 

Large quantities of ephedrme (40 to 65 mgm per kilogram) in- 
j*ected intravenously in dogs, cause only a fall m blood pressure 
(Chen and Meek, 1926) these are dose to the fatal dose Kreitmair 
(1927) states that 10 mgm or more per kilogram injected into a vein 
causes a fall in blood pressure in cats This is the type of effect 
observed by Miura (1887), who apparently did not try smaller doses 

When the pressor effect of ephedrme is compared with that of 
epinephrine, several outstanding points of difference are apparent 
First, the effect of epinephrine is much more intense but much less 
prolonged than that of ephedrine imder optimal conditions, employ- 
ing intravenous injections m cats, the rise in pressure produced by 
epinephrine is 100 (Nagel, 1925) to 142 (Chen) times as intense as that 
of the same quantity of ephedrine, but the effect of ephedrine com- 
monly persists 7 to 10 times as long as that of epmephrme (Chen). 
Second, the intensity of effect of epinephrine is so dosely proportional 
to the quantity mjected that the pressor response can be employed 
in assaying epmephrme preparations (United States Pharmacopoeia, 
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Ninth Revision), this is distinctly not the case with ephednne, the 
circulatory effects of which are by no means proportional to the quan- 
tity injected (Chen and Schmidt, 1924), they may be less from large 
doses than from smaller ones Third, following an intravenous injec- 
tion of epinephrine blood pressure frequently falls from the peak of the 
pressor effect to a subnormal level, rising slowly to normal, this is not 
true of ephednne, following winch pressure simply falls very gradually 
to normal (Kreitmair, 1927) Fourth, when epinephnne injections 
are repeated the same degree of effect will be obtained from each, 
with ephednne, however, the first dose is by far the most effective one, 
and upon repetition the pressor effect of each becomes progressively 
less until it disappears completely or is replaced by a depressor effect 
(Chen and Schmidt, 1924) This latter feature has been noted re- 
peatedly (Rowe, 1927, Rudolf and Graham, 1927, Kreitmair, 1927, 
Pittingcr, 1928, Launoy and Nicolle, 1928) m cats, dogs, and rabbits, 
anesthetized or pithed Its explanation involves factors which are 
also responsible for most, if not all, of the other differences betw een 
the circulatory effects of ephednne and epinephrine, and the observa- 
tions bearing upon this question may properly be considered at this 
time 

The extent to which the circulation becomes “tolerant” to repeated 
injections of ephednne has been found to depend upon the size of the 
dose Thus, comparatively large quantities (about 5 mgm per kilo- 
gram), injected rapidly and at frequent intervals (5 to 10 minutes) 
very quickly become ineffective and soon lead to a depressor effect 
from each injection On the other hand, small doses (0 02 to 0 05 
mgm per kilogram) may show cumulative effects (i e , a step-hke 
rise in pressure to a sustained high level) if injected at close intervals 
(Chen, 1926), and if time is allowed for pressure to recover between 
injections each may sometimes — though by no means alwa>s — 
produce the same pressor effect The explanation advanced (Chen 
and Schmidt, 1924) for the decreasing effectiv'encss of repeated injec- 
tions of ephednne is that maximal pressor effects are soon developed, 
and that additional quantities of the drug arc then incapable of 
producing further stimulant effects It has been suggested (Chen and 
Meek, 1926) that the “receptors” with which ephednne combines 
may be fewer m number, or more easily saturated, than those of 
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epinephrine, which would account for the absence of progressive effects 
as the dose of ephedrine is increased above the optnnum level It 
seems probable that the greater persistence of ephedrine actions 
depends upon a more stable union with receptor substance than is the 
case with epinephrine and if the ephedrine receptors are saturated 
early the lack of progressive effect from repeated injections of ephe- 
drine is accounted for When the quantities of ephedrine are 
this saturation would not be accomplished until a number of injec- 
tions have been made Such explanation appears to harmonize with 
experimental observations, and is the best available at present, it is, 
of course, purely hypothetical 

The depressor effect of ephedrine was attributed by Chen and 
Schmidt (1924) to cardiac depression — an effect which is well known 
and will be considered in the following section It is wholly unlike 
the depressor action of epinephrine, which can be demonstrated with 
minimal doses and is apparently due to stimulation of vasodilator 
nerve endings (Dale Journ Physiol , 1906, xxxiv, 163) with ephe- 
drine, a first injection is always purely pressor unless it is very large, 
a depressor effect from a small or moderate dose can be demonstrated 
only after maximal pressor effects have been produced by previous 
injections, and there is no evidence that any dose of ephedrine can 
produce a vasodilator effect comparable with that of epmephrine 
The fact that the pressor effect of epinephrine is often followed by a 
depressor (vasodilator) one, while that of ephedrine is simply followed 
by recovery to normal, also indicates that the ability to stimulate 
vasodilators is either lacking completely in ephedrine, or is very much 
less conspicuous than is the case with epinephrine It may be noted 
also that the pressor action of ephedrine is more affected by the con- 
dition of the subject than is the case with epinephrme Animals whose 
blood pressures have been lowered by trauma, operative procedures, 
hemorrhage, etc , show much less pressor effect than normals, and 
are more likely to show only a fall m pressure following a moderate 
dose of ephedrine (Chen, 1925) Deep anesthesia and consequent 
hypotension also increase the probability of fall in pressure after only 
a few injections of ephedrme (Chen, 1925) Under such circumstances 
increasing the dose of ephedrme would be more likely to lead to fall 
than to rise in blood pressure — a contingency that is not encountered 
with epinephrine 
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In bnef, it appears that the capaaty of ephedrine to raise blood 
pressure is limited by two factors first, by its relative weakness as 
a circulatory stimulant, perhaps because there are only relatively few 
“receptors” with which it can combine, and additional quantities of 
the drug are incapable of producing further effects once these have 
been saturated, second, by the depressant action of ephedrine upon 
the heart — an effect that is masked by the pressor effect until the 
latter has become maximal, or unless ovenvhehnmg quantities are 
injected Epmephnne is not subject to these limitations to anythmg 
hke the same degree as ephedrine This suggests that a mixture 
of the two drugs might possess the virtues of both — the intensity of 
epmephnne and the persistence of ephedrine — while minimizing their 
respective disadvantages — the evanescence of epmephnne and the 
danger of cardiac depression by ephedrine This has actually been 
found to be the case 

'Thus, Chen and Meek (1926) found that upon intravenous mjection 
of ephednne and epmephnne in dogs there w as summation, both m 
intensity and duration, of the pressor effect Launoy and Nicolle 
(1928) report an actual potentiation when such injections are made 
m unanesthetized rabbits, the nse in pressure being greater than the 
sum of the effects of both drugs given separately Csepai and Doles- 
shall (1928) found that ephedrine sensitizes the human circulation to 
intravenous injections of epmephnne, the influence being especially 
marked m cases of hyperthyroidism, they believe that ephednne 
sensitizes sympathetic nerve endings just as thyroxin sensitizes the 
cells to the action of hormones 

The action of ephednne upon the human blood pressure has now 
been studied extensively, and with quite uniform results The first 
study was that of Miller (1925), who reported nse in pressure in 70 
out of 84 individuals given a dose of SO to 125 mgm of ephednne 
Orally or by subcutaneous injection In 7 cases pressure was not 
altered, while m 6 it fell The nse in pressure xancd from a few 
millimeters to 65, and its duration was 6 to 8 hours Similar results 
Rowntree and Brown (1926), Poliak and Robitschak 
(1926), Rudolf and Graham (1927), Hess (1926), Jansen (1926), 
Restcn (1927), Middleton and Chen (1927), Althauscn and Schii- 
mac cr (1927), Wu and Read (1927), CsCpai and Icmbach (1928), 
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Radoslav and Stoicesco (1927), and Pennetti (1928) Anderson and 
Homan (1927) observ^ed a rise in pressure in children given 15 mgm 
of ephedrine hydrochloride The results of Rowntree and Brown 
(1926), and of Hess (1926), indicate that blood pressure can be main- 
tained at an elevated level for several days by means of daily ad- 
ministration of ephedrine All observers agree that ephedrine is 
effectively absorbed following oral administration, and Hess (1926) 
has shown that rise in blood pressure also occurs following rectal ad- 
ministration of ephedrine, in dosage of 2 mgm per kilogram, as 
suppository, in milk, or dissolved m the proctoclysis fluid Intra- 
venous injection was first tried by Miller (1925), subsequently by 
Jansen (1926) The effects are more marked than those of other 
routes of administration, but last only 15 to 30 minutes (Jansen) 

The influence of disease upon the pressor effect of ephedrine in 
man has been studied by several workers In Graves’ disease, in 
which there is conspicuous sensitization to epinephrine, Poliak and 
Robitschek (1926) reported unusually marked pressor effects from 
ephedrine, but Csepai and Fernbach (1928) concluded that there isno 
sensitization to ephedrine in Graves’ disease In asthma, Thomas 
(1926) and MacDermot (1926) found no nse in pressure following 
oral administration of ephedrine, and a similar statement was made 
in an earlier review by Chen and Schmidt (1926) However, studies 
of larger series of cases by Althausen and Schumacher (1927) and Mid- 
dleton and Chen (1927) have shown that ephedrine raises blood pres- 
sure in asthmatic patients, possibly less frequently than in normals, 
but to as high a level and for as long a time Pennetti (1928) tried 
ephedrine in a single case of myxedema and foimd a fall m blood pressure 
from 210 to 145 mm of mercury 

The effect of repeated doses of ephedrine, taken by mouth, upon the 
blood pressure of human beings has been investigated by Rowntree 
and Brown (1926) and by Chen (1928) It appears that when a 
therapeutic dose (50 mgm ) is taken by mouth every two to three 
hours the first causes the most marked rise in pressure, the subsequent 
ones causing further but smaller rises in the already elevated pressure 
and maintaining it at an abnormally high level as long as the drug is 
given regularly These results are therefore similar to those obtained 
by intravenous injections of small doses (0 02 to 0 05 mgm per 
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kilogram) at short intervals m anesthetized dogs, and appear to indi- 
cate that the pressor effect of such dosage is not nearly maximal 
The circulatory effect of a single dose of ephedrme, taken by mouth, 
evidently disappears completely within 14 to 24 hours, a second dose 
of the same size then producing practically the same effect as the first 
(Chen, 1928) 

The effect of ephedrme upon venous pressure was studied by Chen 
and Meek (1926) in two dogs, one of which was atropinized In 
each, a slight fall in venous pressure coincided with the rise in arterial 
pressure 

h The achon on the heart The first investigations of the physio- 
logical effects of ephedrme disclosed its power of depressing the heart 
Miura (1887) observed that lethal doses of ephedrme caused diastolic 
arrest of the frog’s heart Grahe (1895) found that ephedrme or 
pseudoephednne, applied to the frog’s heart by irngation or injected 
ntravenously, caused depression and irregularities, and that a heart 
arrested by either drug could not be made to beat by means of atro- 
pine, though a heart arrested by muscarine could be made to beat rvhen 
treated ivith ephedrme or pseudoephednne Amatsu and Kubota 
(1917) obtained similar results with frog’s heart studied by Engelman’s 
and Straub’s methods, confirming the inability of atropine (as w ell as 
camphor) to overcome the depressant effect of ephedrme Chen 
and Schmidt (1924) found only depression of the frog’s heart irngatcd 
with ephedrine 

Subsequent investigations have confirmed the conclusion that 
ephedrme is essentially depressant to the frog’s heart, while showing 
in addition that small quantities may exert an inconspicuous stimulant 
effect Chen and Meek (1926) found that ephedrine sulphate, 
applied to the heart m concentration of 1 m 1,000, may cause accelera- 
tion by a few beats per minute, but a 1 in 100 solution was purely 
depressant to rate and amplitude Barlow and Sollmann (1926), 
who perfused the heart by the method of 'How ell and Cooke, found 
pure depression with concentrations of ephedrme sulphate of 1 m 
10' or stronger, rate, force and output being diminished, and with 
1 in 10’ dilutions complete htartblock was elicited, stimulation was 
occasionally obsen’cd with dilutions of the order of 1 m 10’, being 
manifested as an increase in rate and amplitude, but the increase 



24 


K K CHEN AND CARL E, SCHMDDT 


rarely exceeded 10 per cent ICreitmair (1927) noted increase in 
amplitude of the frog’s heart perfused by Straub's method with 1 in 
10^ ephedrine hydrochloride, rate was not affected, and higher con- 
centrations were purely depressant, 1 in 100 causing arrest that could 
be combated by means of perfusion with 1 in 10^ dilution of epineph- 
rine, with calcium, or with histamine, but was not reversible upon 
simple perfusion with pure Rmger’s solution, and was not affected by 
atropine Gradinesco (1927) also found that epinephrine is able to 
restore the beat to the frog’s heart arrested by perfusion with ephe- 
drine. Gomes da Costa (1927) reported stimulant effects of dilute 
solutions of ephedrine upon the perfused frog’s heart, but Levy and 
Boyer (1927) found only depression when any effect was evident 
Mehes and Kokas (1929) likewise observed depression of the frog’s 
heart perfused with a 1 in 50,000 dilution of ephedrine, and beheved 
that the effect was partly removed by small quantities of atropine 

The hearts of certain invertebrates have also been studied with 
respect to the effects of ephedrine Levy and Boyer (1927) studied 
the heart of the snail {Helix pomatta) and found systolic contracture 
with a 1 m 20 solution of ephedrine, weaker solutions (1 m 100, 1 in 
1,000) caused a slowing in rate and an mcrease in strength of con- 
traction, with periodic variations Bain (1929) perfused the hearts 
of crabs {Maia sqmnado, Cancer pogurus, and Carctnus moenas) 
with ephedrine, among other drugs, including epinephrine which, in 
1 to 50,000 dilution caused a marked increase in rate and tone of the 
hearts ephedrine was used in the same dilution as epinephrine, and 
produced no effect whatever Apparently a stronger solution of 
ephedrme was not used, so that one can conclude only that ephedrine 
is weaker than epinephrine in its effects upon these hearts, as upon all 
others 

The isolated heart of the toad was perfused with ephedrme and 
pseudoephedrine by Loo and Read (1928) they usually found depres- 
sion of amplitude of beats with 1 in 20,000 ephedrine following 
pseudoephedrine but ocasionally ephedrine caused acceleration 

The turtle’s heart was perfused with ephedrine by Chen and Meek 
(1926) dilutions of 1 in 10,000 sometimes accelerated the rate 
slightly, but 1 in 1,000 or 1 in 100 caused bradycardia, usually with 
decrease in amplitude, culminating m diastolic arrest 
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The action of ephednne on the mammalian heart v< as investigated 
by Chen and Schmidt (1924) and by Chen and Meek (1926) Pulse 
rate m the intact imanesthetized dog is usually slowed, occasionally 
accelerated, when ephednne is injected subcutaneously or intra- 
venously, m the anesthetized animal acceleration is commonly ob- 
served following intravenous injection of less than 1 mgm per kilo- 
gram, though after larger doses (1 to 20 mgm per kilogram) slowmg is 
commonly seen Atropine completely abolishes or prevents the 
bradycardia, which is thus to be regarded as a reflex effect of the nse 
m blood pressure, the slowing being greater in animals whose cardio- 
mhibitory centers are not depressed by anesthesia This explanation 
is, however, called into question by the recent experiments of Pennetti 
(1928), who found that section of the vagi or injection of atropine m 
unanesthetized dogs does not usually accelerate the heart slowed by 
ephednne Confirmation of these results is highly desirable Coelho 
(1929) reports that in dogs narcotized with chloralose, ephednne, in 
dosage of 1 to 20 mgm per kilogram, causes acceleration of the heart 
The strength of the beats of mammahan hearts has also been found 
to be mcreased by ephednne Chen and Schmidt ( 1924) recorded the 
contractions of part of the nght ventricle (myocardiograph) and found 
them markedly mcreased by ephednne The effect was not pre- 
vented by section of the vagus nerves or by atropme, w as not due to an 
atropine-hke effect upon cardio-inhibitory nerves, and was fully 
comparable with that of electncal stimulation of the accelerator nerve 
or of injection of epinephrine They also showed that ephednne 
caused increase in rate and amplitude of I'entncular contractions 
when applied locally to the stellate ganglia — a feature in action that is 
not shared by epinephrine (Chen and Meek, 1926) Intravenous 
injection of ephednne caused still further acceleration and augmenta- 
tion Large quantities of ephednne (40 to 55 mgm per kilogram by 
^cm) arc apt to cause acute cardiac depression (Chen and Meek, 1926) 
he cardiac stimulant action of small quantities of ephednne and the 
epressant action of large quantities have also been observed by 
'reitmair (1927) on cats and byLaunoy andNicolle (1928) on rabbits 
lopra, Dikshit, and Pillai (1929) found increase in auricular con- 
mctions in cats given 2 mgm injections, the vcntnclcs being un- 

j while with 5 mgm both auricles and ventricles were 

depressed 



24 


K K CHEN AND CARL E. SCHMIDT 


rarely exceeded 10 per cent Kreitmair (1927) noted increase in 
amplitude of the frog’s heart perfused by Straub’s method with 1 in 
10^ ephedrine hydrochloride, rate was not affected, and higher con- 
centrations were purely depressant, 1 m 100 causing arrest that could 
be combated by means of perfusion with 1 in 10^ dilution of epineph- 
rine, with calcium, or with histamine, but was not reversible upon 
simple perfusion with pure Ringer’s solution, and was not affected by 
atropine Gradinesco (1927) also found that epinephrine is able to 
restore the beat to the frog’s heart arrested by perfusion with ephe- 
drme Gomes da Costa (1927) reported stimulant effects of dilute 
solutions of ephedrine upon the perfused frog’s heart, but Levy and 
Boyer (1927) found only depression when any effect was evident 
Mehes and Kokas (1929) likewise observed depression of the frog’s 
heart perfused with a 1 in 50,000 dilution of ephedrine, and beheved 
that the effect was partly removed by small quantities of atropme 

The hearts of certam invertebrates have also been studied with 
respect to the effects of ephedrine L6vy and Boyer (1927) studied 
the heart of the snail (Helix pomatia) and found systolic contracture 
with a 1 in 20 solution of ephedrine, weaker solutions (1 in 100, 1 in 
1,000) caused a slowing in rate and an increase in strength of con- 
traction, with periodic variations Bain (1929) perfused the hearts 
of crabs (Mata sqmnado, Cancer pogurus, and Carcinus moenas) 
with ephedrine, among other drugs, mcluding epinephrine which, in 
1 to 50,000 dilution caused a marked increase in rate and tone of the 
hearts ephedrme was used in the same dilution as epinephrine, and 
produced no effect whatever Apparently a stronger solution of 
ephedrme was not used, so that one can conclude only that ephednne 
is weaker than epmephrine m its effects upon these hearts, as upon all 
others 

The isolated heart of the toad was perfused with ephednne and 
pseudoephedrine by Loo and Read (1928) * they usually found depres- 
sion of amplitude of beats with 1 in 20,000 ephedrine following 
pseudoephedrine but ocasionaUy ephednne caused acceleration 

The turtle’s heart was perfused with ephedrine by Chen and Meek 
(1926) dilutions of 1 in 10,000 sometimes accelerated the rate 
slightly, but 1 in 1,000 or 1 in 100 caused bradycardia, usually with 
decrease in amphtude, culmmatmg m diastolic arrest 
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cardia, prolongation of the P-R interval, partial aunculo-\entncular 
block, nodal rhythm, ventricular automatism or extrasystoles, bundle 
branch block, finally ventricular fibnllation Similar results were 
obtained by Coelho (1928) in dogs narcotized with chloralose 

The isolated mammalian heart has also been studied Chen and 
Schmidt (1924) and Chen and Meek (1926) found that the rabbit’s 
heart perfused according to Langendorff’s method uas stimulated m 
rate and strength of beats by low concentrations (1 m 100,000) of 
ephednne sulphate, while stronger solutions (1 in 10,000, 1 m 5,000) 
caused depression of both rate and strength, still stronger solutions 
(1 in 2,000) brought about partial block, and 1 m 1,000 caused prompt 
failure (Chen and !Meek, 1926) Smiilar results were obtained by 
Chopra, Dikshit, and Pillai (1929), and by Pennetti (1928) , the latter 
found that epinephrine nas able to revive a heart arrested by 
ephednne 

The effects of ephednne upon the human heart have received con- 
siderable study The effect upon pulse rate was observed by Chen and 
Schmidt (1924) in a small scries of cases, all of whom showed a slowing 
after oral or subcutaneous administration of ephednne Miller 
(1925), m a much larger series, found slowing of the pulse during the 
nse in blood pressure in the majority, but in 16 of his 84 subjects 
pulse rate was accelerated by ephednne Pulse rate and blood 
pressure returned to normal at about the same time Rowntree and 
Brown (1926) noted acceleration of the pulse as frequently as slowing, 
and Middleton and Chen (1927) observed that acceleration was pro- 
duced more frequently than slowing In the expcnence of Hess 
(1926) and of Rudolf and Graham (1927), a decrease in pulse rate was 
the more frequent result of ephednne, but in the cases of Jensen 
(1926) acceleration was the more frequent In some cases m all these 
scries pulse rale was unaffected On the w hole, the effect of ephednne 
upon the rate of the human heart appears to be of the same nature as 
that Upon the dog’s heart, namely, acceleration or slowing, depending 
Upon conditions which arc not well understood The influence of 
atropine upon the cardiac effects of ephednne m man has apparently 
not been investigated, but it may be inferred that bradj cardia follow- 
ing a therapeutic dose of ephednne is a reflex effect of the nse in blood 
pressure 
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It has been shown by La Barre (1928) that ephedrine does not lead 
to ventricular fibrillation in cats under chloroform anesthesia, in 
this respect ephedrine differs from epinephrine 
Studies of the effect of ephedrine upon the cardiac output of 
dogs were made by Chen and Meek (1926) by means of cardiometric 
and teleoroentgenographic methods They concluded that in the 
(anesthetized, atropinized) dog there is a distinct and constant in- 
crease in voume output per minute at the time of increase in pulse 
rate and rise in blood pressure Wilson, Pilcher, and Harrison (1928) 
employed the Fick principle to measure cardiac output of unanesthe- 
tized dogs, and found that ephedrine caused an increase in minute 
volume, especially when the drug was given subcutaneously or by 
mouth Halsey, Reynolds, and Blackberg (1927) employed the same 
methods but obtained opposite results, i e , ephedrine was found to 
decrease the cardiac output of unanesthetized dogs as well as of dogs 
narcotized with chloroform or chloral hydrate It should be noted 
that results obtained by this procedure are frequently opposed to 
those obtained by other methods For example, digitalis, which has 
been universally regarded as a stimulant to cardiac muscle and is 
found to be such by other methods of investigation, decreases cardiac 
output as measured by the Fick method and appears to be essentially 
a cardiac sedative (Harnson and Leonard Jour Clin Invest , 1926, 
ill, 1) ; and quimdine and chloral hydrate, which, by other methods of 
investigation, are shown to be marked cardiac depressants, appear 
as cardiac stimulants according to the results obtained by this method 
(Halsey, Reynolds, and Blackberg, 1927) Until such discrepancies 
are satisfactorily explained it is impossible to evaluate the results 
obtained with respect to ephedrine 
Electrocardiographic studies made by Chen and Meek (1926) 
in unanesthetized and anesthetized animals, showed that small doses 
(5 to 10 mgm per kilogram by vein in dogs) did not alter the contour 
of the curve, apart from the T-v/ave, which might be flattened, in- 
verted, or occasionally augmented Massive doses (40 to 75 mgm 
per kilogram), given intravenously to dogs and rabbits, appeared to 
depress the automatic and conducting systems in descendmg order, 
that is, from sino-auricular node to the ventricular terminations of the 
Purkinje system there were, in the order of their appearance, brady- 
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of eiatation of the accelerator nervous mechanism of the heart, by 
means of electncal stmiuh or epinephrine The effect of ephedrme 
differs from that of epmephnne in that it is apparently exerted not 
only upon the extreme penpheral parts of the accelerator system, but 
upon Its ganglia as well * In the cardiac effects of ephednne one sees 
the same general differences from epinephrine that are evident in the 
effects upon blood pressure ephednne effects are less intense but much 
more prolonged, and upon increasing or repeating the dose of ephe- 
drine the stimulant effect is increased little or not at all, or may be 
replaced by a depressant effect The ability of ephednne to increase 
the rate and force of heart beats is limited not only by an apparently 
small number of receptors, but also by its capacity for depressing heart 
muscle Its cardiac stimulant effect cannot be made as intense as 
that of epinephrine by mcreasmg the dosage and this fact, together 
with the deletenous effects of large doses upon heart muscle, make the 
intravenous or intracardiac admimstration of ephednne inadvisable 
when stimulation is needed in an emergency 
c The achon on blood vessels Ephednne produces vasoconstnction 
This was first demonstrated in 1917 by Amatsu and Kubota by means 
of perfusion experiments They observed constnction of vessels of 
frogs’ legs upon perfusion with a concentration of 1 m 10,000 of 
ephednne hydrochlonde, the vessels of the ear of the rabbit were 
constricted by solutions ranging from 1 m 2,000 to 1 m 20,000, con- 
stnction was also noted m the perfused vessels of the intestine, 
spleen, and kidney of the dog Their results have been confirmed by 
perfusion experiments made by Chen and Schmidt (1924) on the dog’s 
kidney, by Chen and hleek (1926) on the kidney, spleen, and leg of 
the dog, by Barlow and Sollmann (1926) and by Mehes and Kokas 
(1929) on the frog, by Loo and Read (1928) on the toad, the latter 
finding a 1 in 20,000 solution effective Other w orkers, while agreeing 
that ephednne is a vasoconstnetor, found it a much less powerful one 
than these results would indicate Thus, Kreitmair (1927) found 

*^is liM been recently denied by Tainter (1929) who found that ephednne, applied 
e stellate ganglion, caused cardiac acceleration only exceptionally, and that simflar 
ec could be produced by appbcation to Uic plcun itself He calls attenUon to tlic 
aa jty of cpbeclnnc solutions as a probable factor m the result obtained by Chen and 
Schmidt (1924) 
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Evidence that ephedrme increases the strength of contractions of 
the human heart was obtained by Miller (and Pendergrass) (1925) 
by means of fluoroscopic observations of three individuals, m every 
one of whom the excursion of the ventricular and aortic shadows was 
greater after ephedrme than before At the same tune the apex 
impulse became visibly and palpably more forceful and the heart 
sounds became louder These observations furnish an explanation of 
the palpitation which is commonly complained of by patients receivmg 
ephedrme Miller (1925) has also called attention to the occasional 
appearance of systolic murmurs in patients who had normal sounds 
before ephedrme was given, and to the intensification of existing 
systohc murmurs by ephedrme. These murmurs may be heard at the 
apex alone, at the base alone (in either aortic or pulmonary area), 
or in all these areas He suggested that they might be the result of 
distention of the cardiac chambers leading to the relative stenosis of 
aortic or pulmonary orifices, or to relative insufficiency of the mitral 
valve 

Electrocardiographic studies of the effects of ephedrme in man were 
made by Middleton and Chen (1927) in 11 patients, the drug being 
taken by mouth, seven showed no change, four developed ventricular 
or auricular extrasystoles, these being most marked m a patient with 
chronic myocarditis in whom systohc blood pressure fell 30 mm 
foUowmg ephedrme Pennetti (1928) studied the electrocardiograms 
of 8 subjects with normal cardiovascular systems upon subcutaneous 
injection of 50 mgm of ephedrme Five of these showed perfectly 
normal tracings after the drug was given, while in three there was some 
change — decrease or increase— in height of the R wave and prolonga- 
tion of the S wave, and in one the T wave became diphasic 

The observations bearing upon the action of ephedrme upon the 
heart may be summarized as follows there is no doubt that ephedrine, 
m large dosage, is depressant to the amphibian or ma mm alian heart, 
and may cause acute cardiac failure This action is apparently exerted 
directly upon the muscular and neuromuscular tissues of the heart, 
and is independent of effects upon the cardiac nervous mechanism 
The cardiac stunulant effect of smaller quantities of ephedrme is like- 
wise well marked in the case of the mammalian and human heart, less 
so in the amphibian heart This effect is fully comparable with that 



EPHEDEINE AND RELATED SUBSTANCES 


31 


reached by Marcu and Gheorghiu (1927) as a result of observation of 
simultaneous changes in carotid and crural blood pressures, and by 
Heymans (1928), who employed crossed-arculation experiments to 
exclude the central nervous system, the former found that ephedrine 
still raised blood pressure after exclusion of cardiac and splanchnic 
effects But since plethysmographic experiments have shown that 
vasoconstriction is evident only in certain organs (kidney, spleen) 
as blood pressure rises following ephedrine it is clear that the effect is 
not exerted in the same degree upon all blood vessels — a conclusion 
that IS equally applicable to epinephrine 

Concerning the part of the vascular bed that is affected by ephe- 
dnne, little information is available Kreitmair (1927) reported that 
a 1 per cent solution of ephedrine, locally applied to the web or tongue 
of a frog, causes constriction of arterioles and obliteration of capil- 
laries Chen (unpublished) studied the circulation of the frog’s 
tongue, web, mesentery, and kidney, but was unable to detect any 
significant changes upon local application or intravenous injection of 
ephednne until a sufficient quantity had been given to depress the 
heart, when the observed effects could be attributed wholly to cardiac 
depression H C Hou (personal communication) obtained practi- 
cally the same result It appears, therefore, that ephedrine has not 
the intense constrictor action upon the extremely peripheral parts 
of the vascular bed that is so conspicuous a feature in the case of 
epinephrine This may explain to a considerable degree the greater 
readiness with which ephedrine is absorbed into the circulation, it 
also makes ephedrine unsuitable for combination ivith local anesthetic 
Jiiixtures 

The action of ephedrine upon blood vessels that arc not markedly 
constricted by epinephrine (coronary, pulmonary, cerebral) has not 
been studied systematically Chen and Schmidt (1924) found that 
ephednne, like epinephrine, increased the outflow from the coronarj’ 
vessels of the rabbit’s heart perfused by Langendorff’s method 
Schmidt (1928) reported increase in venous outflow from the brains 
of dogs and cats given pressor doses of ephednne, as well as epineph- 
•■'ne, but pitmtrin had the same sort of effect The effects upon the 
pulmonary arculation apparently have not been studied 

Some information has been obtained concerning the action of 
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constriction of frog’s vessels with a 1 in 10 dilution of ephedrine, 
but none with a 1 m 100 solution, Gradmesco (1927) found only slight 
constriction with a 1 in 100 solution, and Schaumann (1928) obtained 
only slight constriction with concentrations less than 1 in 1,000 
The last-named investigator found that a very small amount of epi- 
nephrine augmented the constrictor action of ephedrine, and that re- 
peated applications or an increase in concentration of ephedrine were 
less effective, ineffective, or might cause dilatation of vessels 
Plethysmographic investigations have also disclosed the abihty of 
ephedrine to constrict blood vessels, and have furnished additional 
information concerning its relative effectiveness upon different parts 
of the vascular system Chen and Schmidt (1924) reported that 
intravenous injection of ephedrine in dogs caused immediate decrease 
in volmue of the kidney only, and this decrease was followed by in- 
crease to a level far above normal Increase m volume as blood pres- 
sure rose was usually observed in the intestines and invariably in the 
leg Chen and Meek (1926) obtained similar results, they also re- 
corded volume of the spleen and found it usually decreased during the 
rise in blood pressure produced by ephedrme Rudolf and Graham 
(1927) noted that the volumes of intestines and leg of the dog were 
slightly increased at first, but subsequently decreased, indicating 
delayed vasoconstriction Gradmesco and Marcu (1927) reported 
increase in splenic volume, kidney volume was increased following 
small doses, but with large ones it was first decreased, then increased. 
Lim, Necheles and Ni (1927), who recorded the volume of the vivi- 
perfused stomach of the dog, ob tamed evidence of vasoconstriction by 
ephedrine, but a slight increase m volume was sometunes noted 
These results leave no doubt concerning the ability of ephedrine to 
constrict certain blood vessels, nor concerning its status as a vaso- 
constrictor that is much less powerful and uniform in its effects than 
epinephrine Yet it appears that the vasoconstrictor action of ephe- 
drine, like that of epinephrine, is essentially peripheral, and is not 
dependent upon stimulation of the vasomotor center or other parts 
of the central nervous system This was shown by Amatsu and Ku- 
bota (1917), and by Chen and Schmidt (1924), who found ephedrine 
effective in raismg the blood pressure of animals whose central nerv- 
ous systems were destroyed or paralyzed The same conclusion was 
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Suzuki (1928) gave larger doses (30 mgm per kilogram) to rabbits 
and noted as a rule an increase m depth with decreased rate of breath- 
ing, though occasionally rate was increased markedly Schmidt 
(1929) found that ephednne was more regularly effective than any 
of the conventional respiratory stimulants in combating extreme 
respiratory depression due to morphme Toxic or lethal doses of 
ephednne always produce acceleration of respiratory rate immediately 
before final failure of breathing, m intact or anesthetized animals 
(Miura, 1887, Chen, 1926, Kreitmair, 1927), this may be due to a 
large extent to acute circulatory depression 
The action of ephednne upon the respiratory center seems to con- 
sist of two distinct components first, an mcrease in blood supply of 
the center, due to tlie pressor effect, second, a direct stimulant action 
upon the cells of the center The result of ephednne action is there- 
fore equivalent to that of a combination of epinephrine and caffeine 
Ephednne appears to be the most useful single respiratory stmiulant 
that is available at present (Schmidt, 1929) 

4 The aclton on smooth muscle 

In the effects that have been considered up to this pomt ephednne 
differs only quantitatively from epinephrine When the actions of the 
two agents are compared upon smooth muscle in general however, 
It IS soon endent that the effects of ephednne are sometimes opposite 
to those of epinephrine Since the latter are due, in so far as is known 
at present, wholly to stimulation of the sympathetic innervation of tlie 
muscle, It IS clear that ephednne cither lacks this power or else applies 
it to the various parts of the sjnnpathetic system with relative intensi- 
ties that arc different from those of epinephrine 
a Ptiftl Ephednne produces mydriasis when applied locally to 
the conjunctn a or w hen absorbed into the circulation This w as first 

demonstrated by Miura (1887) and by Takahaski and Miura (1889) 
in dogs, cats, and rabbits, as well as humans, the pupils of chickens 
and pigeons were not dilated by ephednne These earliest workers 
eft little to be added to the analysis of this feature in the action of 
ephednne They found that the light and accommodation reflexes 
were not abolished by the drug, that electrical stimulation of the oculo- 
motor nerve caused contraction of tlie pupil dilated by' ephednne, 

UtDtCISt VOU IT VO I 
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ephednne upon human blood vessels Marcu (1926) applied a ple- 
thysmograph to one arm and a cuff for sphygmomanometry to the 
other. He concluded that mmunal doses of ephedrine (less than 1 
mgm by vein) caused dilatation followed by constriction of abdominal 
vessels, while small doses (less than 10 mgm ) caused generalized con- 
striction in splanchnic and other vessels, larger doses had the same 
general effect, but constriction of abdominal vessels became relatively 
more marked Apparently the splanchnic circulation of man is most 
susceptible and is most powerfully affected by ephednne, and this is in 
harmony with the results of plethysmographic experiments in ani- 
mals Rowntree and Brown (1926) studied the effects of intradermal 
injection of 10 per cent ephedrine in sahne solution The reaction 
was a small red central area surroimded by a patchy white border of 
irregular outline and inconstant appearance, reflex erythema was 
frequent Epinephrine, similaly injected, caused a small white cen- 
tral area, surrounded by a zone of erythema This confirms the 
results obtained by observation of the effects of ephednne on capil- 
laries of the frog in indicating that ephednne has little or no con- 
strictor effect upon capillaries The abflity of ephednne to constrict 
the vessels of the nasal mucous membrane of man when the drug is 
taken by mouth has been proved repeatedly and will be considered in 
the section deahng with chnical uses 

3 The action on respiration 

Apart from its effect upon the respiratory passages, which are due 
wholly to penpheral actions, ephednne is a stimulant to the respira- 
tory center, resembhng caffeme m its effects In intact animals small 
doses of ephedrine (5 mgm per kilogram subcutaneously, 1 mgm per 
kilogram by vem) have no significant effect upon respiratory rate or 
depth, and the same is true of human beings given therapeutic doses 
(Jansen 1926) In anesthetized animals the results appear to be 
somewhat vanable in detail but stimulation is a common result 
Fuj'ii (1925) found that the respiration of urethamzed rabbits was 
increased in rate and decreased in depth by ephednne in dosage of 
10 mgm per kilogram Kreitmair (1927), usmg cats anesthetized 
with urethane and ether, found that 5 mgm of ephedrine per kilo- 
gram caused increase in depth of respiration, rate being unaffected 
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sinularly exhibited, dilated both pupils, but the normal one mi 
markedly than the other, pituitrm, locally apphed, did not dilate eitl 
pupil In these animals, as ■well as m the ones previously used by Cl 
and Schmidt (1924), cocaine dilated only the normal pupil It 
obvious that denervation does not sensitize the pupil to the effect 
ephednne as it has long been known to do to that of epinephnne 
the other hand, the stnictures upon ■which ephednne acts to prodi 
mydnasis do not degenerate after e^scision of the superior cem 
ganglion, as appears to be the case with those upon winch cocaine ac 
Yet the action of all three drugs is essentially peripheral, as shown i 
only by the fact that the effect is limited to the eye to which they 
apphed, but also by the results obtained with the excised surviv 
muscle (Poos, 1927) The sensitization of the denen'ated pupil 
epinephrine ■was attributed by Meltzer and Auer (1904) to the 
moval of inhibitory influences e'certed by the ganglion upon the pi 
pheral receptors with wdiich epinephrine reacts, assuming that i 
latter do not degenerate under such conditions On this basis, 
would be necessary to conclude that cocaine acts upon receptors all 
which degenerate following removal of the ganglion, and that ep 
drme, the effects of which are weakened but not abolished by si 
removal, acts partly upon cocaine-like receptors and partly up 
tpinephrine-like ones 

Gaslro-rtUcstinal Iracl In contrast with the effects of epincj 
rme, which arc uniformly like those of stimulation of the sympathe 
innervation of this system, the effects of ephednne appear to 
incgnlar and uncertain 

, upon the oesophagus were studied by To (1921), usi 

e isolated organ of the frog He found that ephednne relaxed 
one m concentration of 1 m 2 000, and exerted a potentiating effi 
11 len giv en together with atropine or papaverine 
(19281 ^^sdes of the pigeon ivere found by Hanzhk and Bi 

^ thrown into contraction by ephednne in dosage of 10 to 

muscuf^'^ the effect involved both circular and longituciii 

Tirno lasted 5 to 10 minutes, and was not prevented by at 

Thi off ® 

umnesttT^* ephednne upon the stomach in situ were studied 
a dogs with permanent iistulae by Kinnaman and Ph 
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that section of the cervical sympathetic nerve or extirpation of the 
superior cervical ganglion did not prevent ephedrme mydriasis, 
that the latter could be diminished or overcome by means of muscarine, 
pilocarpine, or physostigmine, as well as nicotine, that atropine did not 
cause further mydriasis after ephedrine had produced its complete 
effect They concluded (1889) that ephedrine mydriasis is due to 
stimulation of the sympathetic pupiUo-dilator mechanism and does 
not involve paralysis of the parasympathetic (oculomotor) pupillo- 
constrictors The results have been confirmed in all respects by Grahe 
(1895), by Hirose (1915) and Miura (1912) on enucleated eyes of frogs, 
by Chen and Schmidt (1924) on the eyes of dogs, cats, rabbits and men, 
by Koppanyi (1928) on the eyes of guinea-pigs, and by Poos (1927) 
on the isolated sphincter and dilator muscles of the eyes of rabbits 
and calves The latter was able to show that ephedrme — like epineph- 
rine and cocaine — causes increase in tone of the dilator muscle, 
decrease in that of the sphincter, the stimulant effect upon the dilator 
was augmented by increasing the alkalinity of the solution This 
may explain the result obtained by Munch (1928), confirmed by Swan- 
son, Thompson and Rose (1929), that ephedrine base is a more power- 
ful mydriatic in the cat than is the alkaloidal sulphate or hydro- 
chloride 

Chen and Schmidt (1924) confirmed the results of Miura, adding the 
observation that ephedrine does not cause loosening of corneal epi- 
thelium Kreitmair (1927) stated that while ephedrme injected 
intravenousy is about equally effective in causing mydriasis in dogs, 
cats, and rabbits, local application to the conjunctiva causes much less 
mydriasis in cats than in the other animals 

Comparing the pupillary effects of ephedrine with those of epineph- 
rine, an essential difference is at once evident in the fact that while 
epinephrine has little or no effect upon the normal pupil, whether the 
drug is applied locally or injected intravenously, ephedrme is a highly 
effective dilator of the normal pupil, by any mode of admmistration 
Schmidt (unpubhshed results) recently compared the effects of the two 
drugs upon the pupils of three rabbits each of whom had had the left 
superior cervical sympathetic ganglion removed several months pre- 
viousl}'' epinephrine, locally applied to both eyes or injected intra- 
venously, dilated only the pupil of the operated side, while ephedrme, 
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(unpublished expemnents) tried the effect of intramuscular injections 
of 2 mgm of ephednnc per kilogram in four unanesthetized dogs with 
fistulae of the ileum, making 13 observations m all In eight, there 
was pure decrease m motihty, ranging from shght to marked, m two 
there was no distinct effect, m two there was brief inhibition followed 
by increase in motility, in only one case was there pure stimulation 
after ephednnc, and this was insignificant compared with the effect 
of local application of an aromatic water or intramuscular injection of 
S mgm of morphine 

The large intestine in situ showed only depression of tone and motihty 
in every one of the few observations made ICinnaman and Plant 
(1927) found this to be the case in unanesthetized dogs with colonic 
fistulae, and Schmidt (impubhshed), using two such dogs, saw distinct 
decrease in tone and prolonged inhibition of motihty following intra- 
muscular injection of 2 mgm of ephednnc per kilogram, if active 
movements were present before the drug was given, if not there was 
no effect As far as we know there has never been any sign of a 
stimulant effect by ephednnc upon the large intestine in situ 

The results of experiments upon the gastro-mtcstinal tract in situ 
therefore indicate that the effects of ephednne are, on the whole, very 
similar to those of epinephrine With isolated stnps of intestinal 
muscle, surviving in a warm sahne solution, the results are much less 
uniform, some workers finding that ephednne is only depressant, 
others reporting depression and stimulation, still others observing 
only stimulation Thus, Amatsu and Kubota (I9l7) found cphedrine 
to be essentially depressant to isolated intestine of cats and rabbits, 
and the same result was obtained by To (1921), by Fuju (1925), and 
by Chen and Schmidt (1924) in rabbits The last-named investi- 
gators found that the inhibitory effect of ephednne could be readily 
overcome by means of pilocarpine or barium, and was not prevented 
by nicotine, thus showing that the effect was not due to depression 
of parasjmpathetic nerve endings, muscle fibers, or intrinsic gangha 
(plexus of Auerbach) Subsequent workers have failed to confirm 
these results Nagel (1925) found ephednnc to be purely stimulant 
to the isolated intestine of the rabbit and cat, the inhibitory effect 
of epincphnne could be overcome by ephedrme Kreitmair (1927) 
found the isolated intestine of the cat to be relaxed by low concen- 
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(1927), they gave 5 mgm of ephedrine per kilogram by vein, and 
found prompt and marked relaxation of gastric tone with inhibition 
of gastric motihty, lasting 4 to 5 hours Schmidt (unpublished) 
recently had the opportunity of repeating this experiment upon a 
single dog; following subcutaneous injection of 1 mgm of ephedrine 
per kilogram, there was relaxation of tone and inhibition of gastric 
peristalsis for about 2 hours In none of these experiments was there 
any trace of a stimulant action by ephedrine upon the gastric muscle 
of the unanesthetized dog, and inhibition (the epinephrine-hke effect) 
was uniformly observed M’Crea and Macdonald (1928) found that 
ephedrine, like epinephrine, inhibited gastric peristalsis and caused 
fall in intragastric pressure of anesthetized cats The effects of 
ephedrine upon the human stomach have also been investigated 
Poliak and Robitschek (1926) made roentgenologic studies they 
observed an increase in gastric peristalsis, leading to expulsion of the 
barium meal into the duodenum, § to 1 minute after the subject had 
, swallowed 20 drops of 10 per cent solution of ephedrine They state 
that epinephrine caused a similar effect, which, they believe, may have 
been due to direct excitation of the musculature or to reflex stimula- 
tion consequent upon irritation of the mucous membrane Marcu and 
Savulesco (1928) recorded gastric motihty by means of a balloon which 
was swallowed and connected to a water manometer, upon intrave- 
nous injection of 1 cc of a 1 in 500,000 solution (0 002 mgm ) of ephe- 
drme they observed transitory contraction of the stomach, 0 02 to 
0 05 mgm had no effect, while 0 1 mgm caused inhibition of contrac- 
tions for about 10 minutes, upon intravenous mj'ection of 20 mgm of 
ephedrine, there was marked and prolonged inhibition of gastric move- 
ments, with a stimulant after-effect 
The effects upon the small intestine in situ have received less atten- 
tion Using unanesthetized dogs with fistulae of the ileum, Kinnaman 
and Plant (1927) found that ephedrine, inj’ected intravenously, uni- 
formly caused immediate relaxation and inhibition of motihty, fol- 
lowed by a stimulant effect that became more marked as the dose was 
increased With 0 5 to 1 mgm per kilogram inhibition was marked, 
lasted 30 minutes to 2 hours, and was followed by only slight stimu- 
lation, but with 5 mgm per kilogram the period of inhibition was 
shorter and the stimulant after-effect was more marked Schmidt 
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c Uterus All of the data available at present v ere obtained with 
isolated tissue excepting a few experiments of Chen and Schmidt 
(1924), who found that the dog’s uterus in situ was stimulated bj 
ephedrme To (1921) reported that the isolated uterus of the rabbit 
or rat was depressed by dilute solutions of ephednne (1 20,000 and 
1 100,000 to 1 10,000 respectively), while stronger solutions (1 10,000 
and 1 3,300 to 1 2,000 respectively) caused stimulation Chen and 
Schmidt (1924) found that the isolated rabbit uterus was uniformly 
stimulated by ephednne, with only one exception— the uterus of a 
recently dehvered rabbit Stimulation was the only effect of ephe- 
dnne upon isolated uterus in the experiments of FU311 (1925) on rabbits, 
of Nagel (192S) on guinea pigs, of Kreitmair (1927) on rabbits, of 
De Eds and Butt (1927) and De Eds, Rosenthal, and Voegthn (1927) 
on rabbits and guinea-pigs, of Thienes (1929) on cats, rabbits, dogs, 
rats and guinea-pigs, of Remitz (1928) on rabbits, and of Curtis (1929) 
on guinea-pigs and cats The uterus of the albino rat, however, is 
uniformly relaxed by ephednne (Liljestrand, 1927) 

These results are quite unlike those obtained with epinephrine, which 
usually relaxes the isolated non-pregnant uterus of the cat and fre- 
quently relaxes the non-pregnant guinea-pig uterus In fact Thienes 
(1929) found that ephednne prevented the inhibitory effect of epineph- 
nne upon various uteri Reinitz (1928) reported tliat xery small 
quantities of ephednne augment the (stimulant) effect of epinephrine 
upon the isolated rabbit uterus, but larger quantities reduce it 

In general, the action of ephednne upon the isolated uterus is char- 
acteristically a stimulant one, and bears no constant relation to the 
action of epinephrine Whether the same is true of the effects upon 
the intact uterus in situ has not been determined, for no experiments 
have as yet been made with animals whose uteri are relaxed by 
epinephrine 

d Urinary tract Hofbauer (1928) tested the effect of ephedrme 
upon the isolated ureter of the pig he found that the rate of contrac- 
tions of both circular and longitudinal muscle was increased by' ephe- 
dnne, and that it was occasionally possible, by means of ephednne, 
to restore contractions after they had been arrested by sodium glvco- 
cholate, the effects of epinephrine were qualitatively the same but 
It was a much more powerful stimulant than cphedrine His results 
lia\ e been confirmed by Roth on the dog’s ureter 
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trations (1:1,000,000 to 1*100,000) of ephedrme, but slightly stimu- 
lated by a stronger one (1*6,000), the latter effect could be prevented 
completely by atropine Reinitz (1928) reported that isolated rabbit 
intestine was sometimes inhibited, often stimuiated, sometimes inhi- 
bited and then stimulated, by the same concentration of ephedrine, 
he stated that atropine had no significant influence upon the stimu- 
lant response Mehes and Kokas (1929) reported stunfilation of 
isolated rabbit intestine by weak concentrations (1.150,000 to 
1 50,000) of ephednne, relaxation with a stronger one (1:10,000) 
Rudolf and Graham (1927) found only slight and transitory depres- 
sant effects by ephedrine upon isolated rabbit intestine Lrm and 
Chen (1928) noted only stimulation of cat intestine, isolated but 
with intact arculation, upon the addition of ephedrine De Eds, 
Rosenthal, and Voegtlin (1928) reported pure stimulation of rabbit 
intestine exposed to a 1:5,000 solution of ephedrine, and Halsey 
(1928) found no instance, among many preparations of isolated rabbit 
intestine, of anything but stimulation by ephednne 
Isolated large intestines of the rabbit were found by Kreitmair (1927) 
to be affected like the small by ephednne, i e , they were depressed 
by weak solutions, stimulated by strong ones and the latter effect could 
be prevented by atropine Thienes (1929) reported that epinephrine 
depression of isolated large intestines of cats, rabbits, dogs, rats and 
guinea-pigs was antagonized by ephedrine 
It may safely be assumed that any of these preparations would have 
been inhibited by epinephrine, so that it is very evident that the effects 
of ephedrine upon isolated muscle of the gastro-intestinai tract are 
inconstant A probable explanation for this will be presented later 
(page 52) It should be pointed out here that the effects of ephedrine 
upon movements of the gastro-intestinal tract in situ appear to be 
much more nearly like those of epinephrine than is the case when the 
two agents are tested upon isolated muscle preparations The reason 
for this is unknown it is possible that central nervous influences or 
indirect actions through the suprarenal glands (see page 55) play a 
part in these effects of ephedrine in the living animal Whatever the 
explanation, the effects upon the gastro-intestinal tract in situ are 
those which are of therapeutic importance, and there is no evidence 
at present that ephedrine can properly be employed as a stimulant 
to gastro-intestinal motility 
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results Occasionally it increases the subina"^illary flow, and this 
occurs m spite o£ atiopinization, but in the ma 30 nty o£ cases it has 
no effect Larger doses (25 mgm per kilogram or more) m non- 
anesthetized dogs may cause profuse salivation When a dose 
shghtly below the M L D is administered, the increase in salivary flow 
IS a constant feature 

b Gaslnc secretion Chen m Lim’s laboratory studied the action 
of ephednne on the gastric secretion in dogs with Pavlov or Heiden- 
ham pouches Ephednne injected subcutaneously unmistakably in- 
creases the gastnc secretion both in volume and m acidity, although 
to only a small extent There is no difference between the Heidenhain 
and Pavlov preparations 

c Pancreoltc secretion In anesthetized dogs with a cannula m the 
pancreatic duct ephednne, given intravenously, does not change the 
pancreatic secretion, as shown by Chen In non-anesthetized dogs 
uith a pancreatic fistula, subcutaneous injections of ephednne also 
gave negative results Fonseca and Trincao (1928) reported that 
ephednne caused decrease in pancreatic secretion 
d Intestinal secretion Dogs with Thiry-Vella fistula do not show 
any response in their intestuial secretions to the subcutaneous injec- 
tion of ephednne, as reported by Chen 
c Bile In acute experiments with anesthetized dogs, there is no 
demonstrable alteration of bile flow after ephednne injected intra- 
venously (Chen) The same can be said for non-anesthelizcd animals 
with a pancreatic biliary fistula when ephednne is injected subcu- 
taneously Krcitmair, using larger doses (SO to 100 mgm per dog), 
found an increase of bile flow from the bihary fistula, with a reduction 
of the dr> matter The increase in volume continues for more than 
three da> s 

/ Siveat Chen and Schmidt determined tlie sweat secretion of an 
anesthetized cat and could not detect any increase after ephednne 
Was injected into the paw Kreilmair arrived at the same conclusion 
In men a therapeutic dose of ephednne occasionally produces 
diaphoresis It is interesting to note that perspiration caused bj the 
use of Ma Huang, firmly believed in by the Clunese and described by 
Li Shih-Cheng m his Pentsao Kang ilu, although not experimentally 
proved in ammab, has been clinically confirmed in many reports 
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Macht (1929) studied the effects of ephedrine upon the trigonal 
and fundus portions of the urinary bladders of rabbits, cats and rats 
It has been shown repeatedly that epinephrine causes contraction of 
the trigone and relaxation of the fundus Ephedrine caused con- 
traction of both portions Liljestrand (1927) obtained the same 
results with the rabbit’s bladder. 

e. Branch One of the most useful therapeutic actions of ephe- 
drine is its ability to relieve or to prevent the paroxysms of asthma 
Animal experimentation has shown from the start that ephedrme, 
like epinephrme, is able to relax bronchial spasm induced by vanous 
poisons Amatsu and Kubota (1917) were the first to demonstrate 
this effect in rabbits whose bronchi had been thrown into spasmodic 
contraction by means of pilocaipine, muscarine, or peptone They 
also found that isolated bronchial muscle of the cow was relaxed 
by ephedrine, even in such low concentration as 1 in 80,000 These 
results led them to recommend ephedrine in the treatment of asthma 
Chen and Schnudt (1924) observed relaxation of the bronchial spasm 
produced by physostigmine in a dog, and stated that the effect of 
ephedrine was weaker than that of epinephrme Kreitmair (1927), 
Villaret, Justin-Besangon, and Vexenat (1929), and Swanson (1929) 
have confirmed these results by vanous methods, but Halsey (1928) 
reported only exceptional bronchodilatation by ephedrine It is 
generally agreed that ephedrine may fail to relax bronchial spasm 
when epinephrme is effective It is generally assumed that the 
bronchodilator action of ephedrine is analogous to that of epmephrine 
and is due to stimulation of sympathetic nerves, which are inhibitory 
to this muscle, this has not, however, been definitely proved to be 
true The effect is largely if not wholly peripheral, for it is ehcited 
in excised tissue and m pithed animals 

5 Action on sec) ehons 

a Saliva Grahe in 1895 studied the action of ephedrme and 
pseudoephedrine on the submaxiUary flow in a dog and found that the 
first intravenous injection has no effect while repeated mjections 
gradually diminish the flow Chen and Schmidt, and Chen investi- 
gated the same question in a series of dogs In anesthetized animals, 
ephedrme m a dosage of 1 to 2 mgm per kilogram produces inconsistent 
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duces a leucocytosis and eiythrocytosis TAhich lasts for tuo hours or 
longer These changes, the authors believe, indicate a concentration 
of the blood Pathological conditions apparentlj" modify this reaction 
Thus, Marcu and Petresco observed wnth a dose of 20 nigm intra- 
\ enously a decrease of red blood corpuscles and leucopenia in a case 
of Addison’s disease, and leucopenia but erythrocytosis in a case of 
Hodgkin’s disease Binet, Amaudet, Fournier and Kaplan observed 
an mciease m platelets in addition to erythrocytosis and leucocj'tosis 
in chloralosed dogs The maximal increase in the platelets is reached 
at the end of 5 to 15 minutes after the intravenous injection of 3 mgm 
of ephedrme per kilogram According to these investigators the 
increase in the formed elements of the blood is due to contraction of the 
spleen, for splenectomy prevents this reaction and previous adminis- 
tration of yohunbme, nhicli paralyzes the contractors of the spleen, 
abolishes such a response 

b Blood chemistry Chen and Schmidt studied the effect of ephe- 
drine on the blood sugar in two anesthetized dogs Their results 
■were inconclusive Negative or doubtful results were obtained by 
T G Millet in men, by Hess in men, by Kreitmair in rabbits, by 
Rudolf and Graham in diabetics, by Tu m men, and by Haintz m 
men Hypcrglyxemia may be produced in animals by doses larger 
than the pressor ones Thus, Nagel determined the hyperglycemic 
dose in rabbits to be 25 mgm per kilogram, injected intravenously 
Wilson found it to be 10 to 15 mgm per kilogram (intravenously 
or subcutaneously ) in dogs, and 20 to 30 mgm per kilogram (intra- 
venously') in rabbits According to Nitzescu, hypergly’ceraia occurs 
in dogs when they' are in full digestion but is absent when they 
arc prei'iously stan'cd Ihe doses he used were 0 5 to 3 0 mgm 
per kilogram, given intravenously The smiultaneous administra- 
tion of glucose and ephcdrinc docs not increase the hyperglycemia 
produced by glucose alone but lengthens its duration A limited 
increase m blood sugar in men with therapeutic doses (5 to 100 mgm ) 
of ephednne given orally was obscn'cd by Poliak and Rabitschek and 
by Lublm Radoslav and Stoiccsco administered ephednne to men by' 
intravenous injection Doses of 5 to 90 mgm produce a dijihasic 
reaction— a primary hy'pergly cemia follow cd by hy'poglyccmia Ihe 
blood sugar returns to normal in about two hours 
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g Lymph With the cooperation of M Kayumi, Chen and Schmidt 
studied the influence of ephednne on lymph flow, collected from the 
thoracic duct of anesthetized dogs It regularly causes an increase 
in lymph, which reaches its maximum about 15 minutes after the 
intravenous injection 

h Unne In anesthetized dogs the urine flow appears to follow 
the plethysmograph of the kidney volume, as observed by Chen and 
Schmidt There is suppression during the primary vasoconstriction, 
but an increase during the secondary dilatation After repeated 
doses the urine is invariably suppressed Intact rabbits which receive 
daily intravenous injections of ephednne show a well marked diuresis 
Starr, cooperating with T G. Miller, studied the output of urine in a 
series of 16 men, in correlation with the systolic blood pressure He 
divided his results into three groups (1) those showing a rise of blood 
pressure without diuresis and with albuminuria, (2) those showing no 
rise in pressure with no diminution of urine and no albuminuria, and 
(3) those showing a rise of pressure with diuresis and albuminuria 
The occurrence of albumin in the urine is transitory, for it disappears 
when the effect of the ephednne wears off In those that show an 
increase in pressure but no diuresis, the albuminuria is due to renal 
vasoconstriction, while in those that show nse m pressure and increase 
in unnary output, it is probably due to the alternate constriction and 
dihtation of the glomerular functional units Kreitmair observed 
diuresis on himself after the ingestion of 50 mgm of ephednne, lasting 
for 2 to 3 hours Gradinescu and Marcu also call attention to the 
fact that the variation in unne flow depends on vascular changes 

6 Action on the blood 

a Blood cells Hess reported leucocytosis after ephednne, reaching 
its maximum at the same time as the blood pressure attains its highest 
level Marcu and Petresco studied the blood changes in men on 
intravenous injection of ephednne A dose of 20 mgm increases the 
leucocytes within the first five minutes, lasting for more than one hour 
and 40 minutes The leucocytosis consists chiefly of lymphocytosis 
The red blood corpuscles are also increased, with a corresponding 
increase in hemoglobin The maximum is attained in about 40 min- 
utes Ephedrine in a dosage of 60 mgm , given intravenously, pro- 
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duces a leucocylosis and erythrocytosis vihich lasts for two hours or 
longer These changes, the authors belifv e, indicate a concentration 
of the blood Pathological conditions apparently modify this reaction 


Thus, Marcu and Petresco observed with a dose of 20 mgm intra- 
\ enously a decrease of red blood coipuscles and leucopenia in a case 
of Addison’s disease, and leucopenia but erythrocytosis in a case of 
Hodgkin’s disease Binet, Amaudet, Fournier and Kaplan observed 
an increase in platelets in addition to erythrocj tosis and leucocytosis 
in chloralosed dogs The maximal increase m the platelets is reached 
at the end of 5 to IS mmutes after the intravenous injection of 3 mgm 
of ephcdrme per kilogram According to these investigators the 
increase in the formed elements of the blood is due to contraction of the 
spleen, for splenectomy prevents this reaction and previous adminis- 
tration of yohunbine, whicli paralyzes the contractors of the spleen, 
abolishes such a response ’ 


b Blood chemislry Chen and Schmidt studied the effect of ephe- 
dnne on the blood sugar in two anesthetized dogs Their results 
were inconclusive Negative or doubtful results were obtained by 
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After the intravenous injection of 20 mgm of ephedrine, the serum 
albumin increases to the extent of 10 parts per thousand and returns 
to normal in 20 mmutes, while the globulins are increased for two 
hours, as determined by Marcu and Petresco . The concentration of 
albumins and globulms occurred in both healthy individuals and in a 
case of Addison’s disease and another of Hodgkin’s disease Unlike 
epinephrme, ephedrine does not raise the peptidase titer of the rabbit’s 
serum (Pfeiffer and Standenath) 

7. Achon on metabolism 

a Metabolic rate. T G Miller reported an increase in metabolic 
rate in 4 cases with 100 to 125 mgm of ephedrine injected subcu- 
taneously Rowntree and Brown also studied the calorigenic effects 
of ephednne, given by mouth, in several diseased conditions In 3 
cases of Addison’s disease there was an increase in metabolic rate in 
two but a decrease in the third In a case of questionable Addison’s 
disease and 4 cases of hypotension, an mcrease was also demonstrated. 
The effects seem to be transitory and an hour afterwards there may be 
a tendency to a fall of metabolic rate A patient with endocrine 
obesity showed a decrease of 1 1 points with 50 mgm , but with 100 mgm 
there was an increase of 13 points in 3 hours In a case of pituitary 
tumor there was a demonstrable increase of the basal metabohc rate 
after 50 mgm of ephedrine had been given In rabbits, Duhere 
observed only inconsistent changes m metabolism after the adminis- 
tration of ephedrine 

b Gaseous exchange Schmidt (1928) demonstrated that ephedrine 
increases both cerebral O 2 consumption and CO 2 liberation Wilson, 
Pilcher and Harrison, and Halsey, Reynolds and Blackberg also 
observed an increase in O 2 consumption with a tendency of the alveolar 
CO 2 to fall After giving fructose or glucose, the R Q is always 
greater than 1, but if ephedrine and fructose are given at the same time 
the R.Q becomes less than 1. Accordmg to Lublin, this means the 
inhibition of fat formation by ephedrine In rabbits, Duliere con- 
stantly observed a decrease of R Q. following the mtravenous injec- 
tion of ephedrine 

c Body teinperature With toxic doses Miura in 1887 reported an 
elevation of temperature in dogs, rabbits and mice Like epmephrme 
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and /3-tetrahydronaphthylamme, ephednne, according to Hashimoto 
(1915), slightly raises the body temperature (0 5° to 0 7°C ) in normal 
rabbits and it produces fever in those animals whose heat centers have 
been punctured The dose for the production of this response is 20 
mgm per kilogram Notwithstanding, Suzuki recently reported a 
slight fall m rectal temperature in rabbits, either normal, adrenalec- 
tomized or with the splanchnic nerves sectioned, using a dose of 30 
mgm per kilogram, given intravenously 


<? Aclton on the central nervous system 

Ephednne appears to stimulate the central nervous system Airfla 
in 1913 showed that clilorahzed rabbits can be awakened temporanij 
by an intravenous injection of ephednne (10 to 20 mgm ) Monta in 
1915 obtained similar results in rabbits whose cerebral hemigihcres 
had been removed, and believes that the stimulation is subcortical. 
In the squid, Loltgo pealit, doses of 5 mgm or more make it tum 
blood-red within half an hour, the color persisting for twelve to twe 2 *i 
hours or more, as observed by Nadlcr Oral admmishafioD ana m ec- . 
tion into the arculation via the heart likewise produce th-- esr- 
coloration The author attnbutes this change to stcrniitKa e- the 
central nervous system In men moderate doses of epasfce 
times cause tremor, nausea, and insomnia, nhich in dlp.rohj'3^> 
due to stunulation of the central nenous s\-stem C T ' 
obtained evidence that ephednne directlj stomlat--- 
center In anesthetized dogs, Johnson and lu-cch:.-^ .'“f ‘ ^ 

ephednne in large doses, mjeefed nitraieno!idrcrscta.’«&' 
causes a marked increase m the reflex esatshltrr t-srci-'ci? ; , 

as measured by the knee jerk The acticz & tv 
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Ogata (1920) states that ephedrine has no local anesthetic action, 
meaning that it is devoid of action on the sensory nerve endings 
Read and Lm, on the other hand, claun that a mixture of ephedrine 
with epinephrme and potassium sulphate can produce, by the wheal 
method, local anesthesia equal in intensity to that produced by a 
mixture of similar proportions and strengths of novocame, epinephrine 
and potassium sulphate 

Amatsu and Kubota (1917) studied the effect of ephedrine on the 
frog’s gastrocnemius muscle They found that a 0 1 per cent solu- 
tion raises the threshold of stimulation (electric) and produces irregu- 
lar contractions on repeated stimulation with a current of constant 
strength, instead of a gradual fatigue curve 

10 Mode of action 

In a previous review of this subject, Chen and Schmidt (1926) 
divided the actions of ephedrine into three categories the thera- 
peutically useful ones, which are due to peripheral sympathomimetic 
effects, the stimulant action upon the central nervous system, and the 
depressant action upon heart muscle The second and third types of 
action were said to be exerted as a rule only by excessive dosage and 
were regarded as undesirable or dangerous Subsequent developments 
have necessitated a modification in this characterization m so far as 
the central nervous effects are concerned, for it is now certam that 
they may be ehcited by therapeutic doses m some individuals at least, 
and imy be useful in combating the action of narcotic poisons, 
particularly upon the respiratory center The action of ephedrine 
upon the brain cells has not been analyzed, but it appears to be com- 
parable with that of caffeine (Schmidt, 1928) The depressant action 
upon heart muscle is essentially similar to that of any other myocardial 
depressant, and the only practical importance of this type of effect 
is that it imposes limitations upon the therapeutic usefulness of the 
drug There is no disagreement among various workers with respect 
to the central nervmus and myocardial depressant effects of ephedrine 

The peripheral actions of ephednne, which are of greatest interest 
to the chnician, are not so simply disposed of The earliest workers 
in this field (Amatsu and Kubota, 1917 , To, 1921 , Chen and Schmidt, 
1924) were impressed with the obvious siimlarity of the effects of 
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ephednne to those ol epinephrine, and concluded that ephednne is 
a sympathomimetic substance These effects include mydnasis with 
presen.'ation of light and accommodation reflexes, broncho-dilatation, 
cardiac acceleration and augmentation, vasoconstnction, inhibition 
of gastro-intestinal moUlity (m many cases), hyperglycemia, and 
occasional secretion of saliva by the atropimzed submaxiUary gland 
In fact no other explanation is possible for these effects, taken as a 
whole The question is not whether ephedrme produces sympa- 
thomimetic effects but whether its important effects are due wholly 
or even largely to such actions Dunng recent years considerable 
evidence having been obtained, by a number of investigators, that the 
peripheral effects of ephednne differ quahtatively m some respects from 
those of epinephnne, the conclusion has been drawn that ephednne 
owes some of its effects to direct excitation of smooth muscle, irre- 
spective of sympathetic innervation Those who have concluded that 
ephednne acts at least partly upon muscle fibers include Nagel (1925), 
De Eds (1927), De Eds and Butt (1927), Pak and Read (1928), 
Mehes and Kokas (1929), and Halsey (1928) The question has more 
than theoretical importance, for if this conclusion is fully justified 
ephednne should be looked upon as a drug with the dmical usefulness 
of pitmtnn rather than that of epinephrine 
Decisive evidence upon a point of such fundamental importance as 
this might well be sought in investigations of the action of the drug 
upon simple organisms or preparations The only pertinent investi- 
gation of the action of ephednne upon a lower form of life is that of 
Nadler (1927), which has already been discussed (page 16) He 
concluded that ephednne is essentially sympathomimetic, not mus- 
culotropic How ever, the organism used by him is relatively complex, 
and the exact mechanism of the resjxinscs studied has not been estab- 
lished The results seem to the reviewers to be suggestive but not 
conclusu e evidence upon the point at issue 
A rchtively uncomplicated preparation of mammalian tissue is the 
plexus free stnp of small intestine of the cat (Gasser Journ Phar- 
macol E\-per Thcrap , 1926, xxvii, 395) This apparenUy has not 
been used to t'st the musculotropic power of ephednne One of the 
rcMcwcrs (S) recently tested 12 such preparations wath ephednne 
In no case w as there any trace of stimulation, and depression w as more 
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commonly observed witb ephedrine than with epinephrine The 
number of observations was small, but all the preparations were active, 
and it is reasonable to suppose that a conspicuous musculotropic action 
would have been disclosed if present These results lend no support 
to the conception that ephedrme is musculotropic In fact they 
suggest rather that the direct action of ephedrine upon smooth 
muscle IS a depressant one, since ephedrine was more uniformly in- 
hibitory than epinephrine 

Another suitable test-object would be blood vessels which are not 
conspicuously affected by epmephrme, such as those of the coronary, 
cerebral, and pulmonary areas The only available information 
concerning the action of ephedrme upon such structures is the state- 
ment of Chen and Schmidt (1924) that coronary outflow from the 
perfused mammalian heart was augmented, never decreased, by 
ephedrine This is far from conclusive evidence upon the point at 
issue, since rate and force of cardiac contractions were also increased 
However, pituitrm regularly causes very marked reduction in coro- 
nary flow in such preparations If the latter is regarded as a repre- 
sentative example of the effect of musculotropic agents, the result 
with ephedrine indicates that the latter is not musculotropic Further 
information concermng the actions of ephedrine upon coronary, 
cerebral, and pulmonary vessels is highly desirable 

The contention that ephedrine is capable of exerting stunulant 
effects upon smooth muscle fibers irrespective of their innervation is 
based upon observations of two general sorts These are, the influence 
of certain other substances (ergotoxine, yohimbme, cocaine, insulin) 
upon the circulatory effects of ephedrme, and the action of ephedrme 
upon various preparations of isolated smooth muscle None of the 
evidence so far obtamed by these procedures appears to be decisive 

a. Chcidatory responses The fact that ergotoxine (ergotamme) 
leads to a reversal of the blood pressure effect of epmephrme has led to 
the employment of ergotoxme as a means of discriminating between 
sjunpathomimetic and musculotropic effects on the part of other drugs 
which raise blood pressure Other things being equal, a given quan- 
tity of the agent being tested should cause a fall in pressure after 
ergotoxine if it is sympathomimetic, while if its effects are unaltered 
by ergotoxine it must be musculotropic 
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Among those who have tested the influence of ergotoxine upon the 
pressor response to ephednne are Nagel (1925), Kreitmair (1927), 
De Eds and Butt (1927), Chen (1928), and Curtis (1929) All found 
that the pressor effect of ephednne was reduced by ergotoiane, but 
Curtis was the only one who reported complete absence of such effect 
or an actual reversal after ergotoxine, though a reversal of epincphnne 
effects n as clearly demonstrated in every case Curtis attnbuted Ins 
success to the use of smaller quantities of ephednne and larger doses 
of ergotoxine than had been used by his predecessors Until this is 
confirmed, however, it appears proper to conclude that while ergo- 
toxine may diminish or even prevent the pressor effect of ephednne, 
an actual reversal, similar to that of epinephnne, is not the charac- 
teristic result 

These results have been interpreted as strong evidence in favor of a 
musculotropic action by ephednne, but such conclusion is by no means 
obhgatory, for two reasons First, as has been emphasized repeatedly 
(Chen and Schmidt 1924, 1926, Chen and Meek, 1926, Chen, 1928, 
Curtis, 1928), the pressor effect of ephednne is due more to increased 
cardiac action than to vasoconstnction, while in the case of epi- 
nephrine the reverse is true It is well known that ergotoxine, in 
quantity sufficient to paralyze vasoconstrictor receptors and therefore 
to produce tlie epinephrine reversal, has much less effect upon the 
cardiac accelerator system (sec Chen, 1928) It is tlirough the latter 
system that ephedrme exerts much of its influence upon blood pressure 
Consequently one need not expect the pressor effect of ephednne to 
be abolished by ergotoxine until the latter is present in sufficient 
quantity to paralyze the cardiac accelerator system, and Curtis (1928) 
states that w ith sufficiently large doses of ergotoxine the pressor effect 
of ephednne can be completely prevented These objections to the 
conclusions denved from the ergotoxine experiments have been raised 
bj Chen (1928) and by Curtis (1928) 

Second, it must be remembered that tlie epinephnne reversal by 
means of ergotoxine presupposes a powerful stimulant action by 
epinephnne upon vasodilator nerves, but there is no reason to beheve 
tint ephednne possesses sucli an action For, as Ins alrcadj been 
pointed out (page 20), the smallest effective doses of ephedrme pro- 
duce only a rise in blood pressure, and as tlie effects of ephednne wear 
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away blood pressure returns to normal, not to a subnormal level 
One of the outstanding advantages of ephedrme over epinephrine as a 
constrictor of nasal blood vessels is the absence of after-dilatation in the 
case of ephedrine There is no decisive evidence upon this point, 
but these observations suggest strongly that the effects of ephedrine 
upon blood vessels are dominantly if not exclusively motor (con- 
strictor), while in the case of epinephrine inhibitory (dilator) actions 
are conspicuous (Dale, 1906) The present situation is therefore 
practically identical with that encountered by Barger and Dale (1910) 
in their investigation of sympathomimetic bases. They foimd that 
ergotoxine reduced but did not reverse the pressor effect of amino- 
aceto-catechol or rf^-amino-ethanol-catechol, while it led to complete 
reversal of the effects of methylamino-catechol or cf^epinephrine 
The difference was attributed to a greater predominance of inhibitory 
(vasodilator) actions on the part of the latter substances, though the 
effects of all were regarded as purely sympathomimetic. The failure 
of ephedrine to produce a fall in blood pressure after ergotoxine cannot 
therefore be regarded as proof that ephedrine is not sympathomimetic 

The above considerations probably apply also to the effects of 
yohimbine, which Raymond-Hamet (1927) found to exert an in- 
fluence like that of ergotoxine the pressor response to epinephrine 
was inverted, while that to ephedrine was only reduced. 

Cocaine is another agent which has been used to determine whether 
a pressor drug is sympathomimetic or musculotropic, as a result of 
the work of Tainter and Chang (1927) They found that a small dose 
of cocaine augmented the pressor effect of epinephrine, but reduced 
or abolished that of tyramine, the latter being regarded as musculo- 
tropic De Eds (1927) and Pak and Read (1928) found that cocaine 
also reduced the pressor effect of ephedrine Chen (1928) was unable 
to confirm this conclusion; he believed that the result was due simply 
to the fact that a second dose of ephedrine is less effective than the 
first even if no cocaine is given between them However, Tainter 
(1929) has recently shown that cocaine, in dosage which augments 
the pressor effect of epinephrine, may reduce or abolish that of 
ephedrine 

These results have been interpreted as evidence that ephedrine is 
not sympathomimetic, but musculotropic, in its circulatory effects. 
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Yet, as far as the revle^^ ers are aware, no evidence has been presented 
that cocaine augments the effectiveness of sympathetic nerve excita- 
tion by anything but epinephrine, and this particular effect might 
well be a drug synergism, pecuhar to epinephrine, with no relation to 
sympathetic stimulation per se Nor is there any evidence that reduc- 
tion of pressor effectiveness by cocaine is an index of musculotropic 
action In fact Tamter has recently reported (XIII International 
Physiological Congress) that cocaine neither increases nor decreases 
the effectiveness of barium and pituitrin If one grants the validity 
of the assumption that any agent, to be sympathomimetic, must 
duplicate all of the peculiar effects of epinephrine, the cocaine test, 
like the ergotoxine one, indicates that ephedrme is neither sympatho- 
mimetic nor musculotropic 

Another agent which modifies the circulatory response to epine- 
phrine much more than that to ephedrme is insulin Cs6pai and 
Pinter-Kovats (1927) found that msuhn prevents the pressor effect 
of epinephrine, but not that of ephedrme The significance of this 
observation, apart from an indication that the circulatory effects of 
ophednne are m some way different from those of epinephrine, is 
unknown to the reviewers 

It seems to the reviewers that these various circulatory responses, 
in the present state of our knowledge, can show only whether a sub- 
stance does or does not elicit certain effects that are characteristic of 
epinephrine If they are to be used for the purpose of determining 
whether a new drug is or is not likely to be of practical value as a 
substitute for epinephrine, one must consider the fact that ephedrme, 
which, according to all these tests, is not epinephnne-like, has amply 
proved its practical value as a substitute for epinephrine The review - 
ers do not beliex e, therefore, that absence of cpinephnne-like responses 
in the ergotized or cocainized animal can be regarded as convincing 
evidence of lack of sj mpathomiraetic action on the part of other 
substances 

i> EJfecis upon smooth muscle In considering the work that has 
been done upon this subject (pages 33^0) it was pointed out that 
the effects of ephednne upon uterus and bladder fundus appear to be 
umfomilj stimulant, though epmephnne may be depressant, that 
the surviving small intestine may be stimulated or depressed b> ephe- 
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drine thougli invariably depressed by epinephrine. Apparently the 
only smooth muscles that are uniformly relaxed in vitro by ephedrine 
are found in the bronchi, the sphincter pupillae and the uterus of 
the albino rat. While it is somewhat difficult to see why a substance 
which acts directly upon smooth muscle fibers should stimulate some 
and depress others, it is equally difficult to see why a substance which 
owes its effects to sympathomimetic actions should so frequently lead 
to contraction of structures that are relaxed by epinephrine 

Considering first the isolated small mtestine, however, a reason for 
this discrepancy is readily foimd in an action by ephedrine upon motor 
ganglia as well as inhibitory endings Chen and Schmidt (1924, fig 5) 
showed a tracing which illustrated the epinephrine-Iike effect of ephe- 
drine after the ganglia had been paralyzed with nicotine. This proce- 
dure has recently been repeated by one of the reviewers (S ) with pre- 
parations made from the small mtestines of cats, dogs, and rabbits, and 
the results have been uniformly like the earlier ones In no mstance 
did ephedrine fail to exert a t3q)ical sympathomimetic effect after 
nicotine, while stimulation of stnps from adjacent parts of the bowel 
was frequently observed when ephedrme was applied before nicotine 
Reference has also been made (page 47) to the uniform absence of 
stimulant effect by ephedrme upon plexus-free preparations of small 
intestme It appears, therefore, that the intestmal effects of ephe- 
drine consist in a combined stimulation of ganglia (plexus of Auer- 
bach), which causes increased motihty, and of inhibitory sympathetic 
endings When the ganghonic action is excluded by means of nico- 
tine or removal of the plexus, the sympathomimetic action is clearly 
and uniformly manifested 

In the case of the uterus, the corresponding information is not 
available Ephedrme is almost invariably stimulant to isolated uteri, 
whether epmephrme is stimulant or inhibitory, and this argues in 
favor of the musculotropic or pituitrm type of effect Ergotoxine 
has been added to the solution in which the uterus was immersed, 
by Nagel (1925), Kreitmair (1927), De Eds and Butt (1927), Reinitz 
(1928), and Curtis (1929) This substance should paralyze motor 
sympathetic nerve endings, and uteri so treated were uniformly 
inhibited by epinephnne, but all observers except Curtis reported that 
ergotoxine did not prevent the stimulant action of ephedrme he 
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Stated that by means of large doses of ergotoxme the effects of ephe- 
dnne could be prevented though never reversed It may be, there- 
fore, that the effects of ephednne upon the isolated uterus are indeed 
sympathomimetic, but are exerted mainly if not exclusively upon 
motor parts of the system, the inhibitory parts bemg affected much 
less or not at all — an analogy to the effects upon blood vessels 

The stimulant acbon of ephednne upon the intestine being appar- 
ently similar to that of nicotine (i e , ganglionic), a similar action upon 
the uterus may be regarded as a possibihty This has not been investi- 
gated It IS not possible at present to make a plexus-free preparation 
of utcnne muscle The effects of nicotine upon the uterus (virgin 
organ of the cat) were found by Barger and Dale (1910) to be inhibi- 
tory in VIVO but stimulant in vitro In current terminology, this 
would imply that nicotine is sympathomimetic m vivo, musculotropic 
m vitro Barger and Dale, hou ever, believed that the inhibitory effect 
m vivo was due to stimulation of sjnnpathetic ganglia whicli rapidly 
lose their sensitivity when the uterus is excised They did not explain 
the stunulant action in vitro, but it can scarcely be called musculo- 
tropic because nicotine docs not stimulate ganglion-free smooth muscle 
of the intestine (Gasser, 1926) 

The situation appears to be rather obscure, and the reviewers 
believe that the tnie explanation of the uterine effects of ephednne 
can be given only when more is knonn about the intnnsic innervation 
of the organ 

The situation with respect to the unnarj bladder muscle is much 
the same The only data are those of Jlacht (1929) and Liljestrand 
(1927) (see page 40, above) These effects of ephedrme are like 
those of pituitnn, unlike those of epinephrine The results are 
equivocal evidence for or against a musculotropic action by a drug that 
appears to affect certain ganglia as well as endings, and to stimulate 
motor sympathetic nerves more powerfully than inhibitory ones 

It has been claimed by Fuju (1925), Krcitmair (1927), Rcinitz 
(1928), and Marcu and Savulesco (192S) that ephednne stimulates 
botli parasjmipathetic and sympathetic nen'ous systems, but the 
evidence presented in support of this contention is inconclusiie 
JUJU (1925) believed that the constrictor action of ephednne upon 
perfused blood vessels of the frog was exerted through parasymp-' thetic 
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nerv^e structures, since it was absent when atropine was added to the 
perfusion fluid, however, it is well knowoi that atropine has a vaso- 
dilator action of its own in such circumstances (Cushny, Textbook of 
Pharmacology, 1928, p. 347) Fujii, as well as Remitz (1928), found 
that atropine prevented the stimulant action of ephedrine upon the 
isolated uterus, but this has not been the case in the expenence of the 
reviewers Kreitmair (1927) reported that the stimulant action of 
ephedrine upon isolated intestme was prevented or abohshed by 
atropine, but this is denied by Remitz (1928) Mehes and Kokas 
(1929) claim that atropine partly prevents the depressant action of 
ephedrine upon the perfused frog’s heart, but this is opposed to the 
results of Fuju (1925) and Kreitmair (1927). 

Apparently there is no better agreement concerning the preferential 
action of ephedrine, assuming that it acts upon both nervous systems 
Kreitmair (1927) beheved that mmimal doses affected only the 
sympathetic, and that the parasympathetic was influenced only by 
relatively high concentrations Marcu and Savulesco (1928), how- 
ever, claim that minimal quantities stimulate the parasympathetic 
preferential!}’’, while -with large doses sympathetic stimulation dorm- 
nates the picture, the effects of mtermediate dosages being antagonistic 
and therefore inconstant or absent 

Further work is needed before this point can finally be settled The 
conflicting opinions indicate that ephedrine certainly has no con- 
spicuous pilocarpine-hke effects, and Remitz (1928) claimed that it 
actually has an atropme-hke effect upon the intestine There is no 
reason therefore for employmg ephedrine as a parasympathetic 
stimulant 

As to the exact site of ephedrine actions, there is little information 
Chen and Schmidt (1924) pointed out that ephedrine was able to 
dilate the pupil whose sympathetic (pupiUo-dilator) innervation had 
degenerated following extirpation of the ganglion, while cocaine was 
ineffective They concluded that the point of action of ephedrine was 
apparently penpheral to that of cocaine, the absence of effect from the 
latter indicating degeneration of the structures upon which it acted 
Marcu and Gheorghiu (1927) have recently shown that ephedrine is 
able to increase the rate of a heart whose accelerator nerves have 
degenerated following removal of the ganglia, this also points to an 
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action upon structures peripheral to the finest nerve fibrils, which 
degenerate when the ganglion is removed On the other hand, there 
IS no good reason to attribute any of the penpheral effects of ephedrine 
to direct action upon effector substance (muscle fibers, gland cells) 
This makes the situation comparable to that encountered wnth epineph- 
rine, and leads to the conclusion that ephedrine likewise acts upon 
hj^pothetical myoneural junctions 

However, there is reason to beheve that the myoneural junctions 
affected by ephedrine are not the same as those affected by epineph- 
rine, in the pupillo-ddator system at least Reference has already 
been made (page 34) to a few observations which indicate that 
denervation does not sensitize the pupil to ephedrine, but diminishes 
Its effectiveness Should this be confirmed, it would suggest that 
some of the ephedrine receptors degenerate after denervation, as 
all of those for cocaine appear to do This would imply that the 
point of action of ephednne upon the pupil is at least partly central 
to that of epinephrine, and partly peripheral to that of cocaine 

It has been suggested by several workers that many of the pe- 
s culianties in the action of ephednne could be explained on the basis 
of an increased secretion of epinephrine by the suprarenal glands as a 
result of absorption of ephednne This would account for the effects 
of ephednne upon metabolism, blood sugar, etc and for epinephnne- 
like effects upon small intestines in situ, not in vitro The question 
has a practical significance in connection with the treatment of Addi- 
son’s disease 

idcnce upon this point is somewhat contradictory Nagel (1925) 
reported that suprarenalectomy did not reduce, but seemed to augment 
the pressor effectiveness of ephedrine Chen and Sclunidt (1926) 
stated that removal or ligation of the suprarenal glands did not 
diminish the pressor effect of ephednne It seems clear, therefore, 
that the circulatory effects of ephednne are not due wholly to stimula- 
tion of the suprarenal glands 

On the other side, Suzuki (1928) found that a given dose of ephednne 
produced a smaller and bnofer rise in blood pressure in unancsthctized 
rabbits whose splanclimc nerves had been cut or whose suprarenal 
glands had been removed, than it did in normal controls Section of 
the splanchnics reduced the effectiveness of ephedrine more than 
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suprarenalectomy did, which suggests that part of the influence of 
ephedrine upon the suprarenals must be exerted through the nervous 
system Gradinesco and Marcu (1927) found that a small quantity 
(0 1 to 0 2 cc. of a 1 per cent solution) of ephedrine, injected directly 
into the suprarenal capsules of dogs anesthetized with chloroform, 
caused a marked and sustained rise in blood pressure To reproduce 
the effect by intravenous injection of ephedrine, 7 to 10 times the 
quantity was required They reported also that removal of the 
suprarenals led to marked reduction m the pressor effectiveness of 
ephedrine, which is opposed to the results reported by Nagel (1925) 
and by Chen and Sclimidt (1926) Houssay and Mohnelh (1927) 
employed a crossed-circulation (suprarenalo-jugular anastomosis) 
preparation in dogs They reported that large doses (40 to 50 mgm. 
per kilogram) of ephedrine caused increased suprarenal output m six 
out of ten attempts The effect was abolished by section of the 
splanchnic nerves, and was therefore presumably due to an action 
upon the nervous system — a conclusion which is like that of Suzuki 
(1928) It must be noted, however, that the doses of ephedrine used 
by Suzuki (30 mgm per kilogram) and by Houssay and MolineUi 
(40 to 50 mgm per kilogram) are so close to the toxic level that 
nervous effects are to be expected Only the results of Gradinesco 
and Marcu point to the possibihty of a suprarenal stimulation by 
small quantities of ephedrine, and these could scarcely be regarded as 
small when they were mj'ected directly into the gland 
It appears that ephedrine is probably capable of stimulating the 
suprarenal glands, but whether the effect can be elicited by ordinary 
doses or is exerted only by toxic quantities has not been determined 
It IS certain that an action of this sort cannot account for all of the 
effects of ephedrine, for some of these are ehcited upon local application 
(pupil), others are demonstrable in excised tissues (heart, perfused 
blood vessels, isolated smooth muscle) Clinical experience has shown 
tliat ephedrine has no beneficial mfluence upon the course of Addison’s 
disease However, since the pathological process is a progressive one 
which ephedrine could not be expected to check, this does not prove 
that the drug had not stimulated the residual normal tissue 
The above discussion concernmg the mode of action of ephedrine 
can be summarized as follows. 
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There is no valid evidence that ephednne is capable of directly 
stimulating any smooth muscle, while there is some direct evidence 
that it cannot do so (chromatophores of the squid, plexus-free and 
mcotmized mtestme, albino rat uterus) 

There is reason to suspect that ephednne stimulates motor sympa- 
thetic nerves more powerfully than mhibitory ones when both ate 
present in the same tissue (blood vessels, perhaps uterus and bladder), 
and possibly the inhibitory set is not affected at all by ephednne, but 
when the sympathetic innervation is purely inhibitory ephednne seems 
uniformly to stimulate it (bronchi, isolated sphincter pupillae, isolated 
intestine — mcotmized, plexus-free, sometimes intact) 

Ephednne appears to stimulate certain ganglia (cardiac accelerator, 
plexus of Auerbach), but whether this is a general effect or is limited 
to these localities has not been determined 
Its peripheral effects ha\ e not been shown definitely to involve the 
parasympathetic system, unless the plexus of Auerbach is regarded 
as a part of the latter Ephednne certainly has no conspicuous 
pilocarpinc-like actions, and its important effects are not prevented 
by atropine 

There is no conclusive evidence that ordinary therapeutic doses of 
ephednne stimulate the suprarenal gland, or that any of the effects 
of such doses arc so caused 


The point of action of ephednne upon the pupil appears to be central 
to that of epinephnnc, peripheral to that of cocaine, i e , peripheral 
to the finest anatomically demonstrable nerve fibers 
As to the prease mode of action, one can, in the present state of our 
knowledge, only characterize it by one of two general, descnptive 
terms sympathomunctic or musculotropic The first, according to 
the definition of Barger and Dale (1910), who introduced it, implies 
that the effects of the drug are analogous to those of excitation of the 
sympathetic nervous system by other agencies, such as electrical 
stimulation The second is currently used to designate a group of 
drugs and poisons which stimulate smooth muscle indiscriminately 
and irrespectiv e of its innervation The outstanding example of tlie 
first group IS epinephnnc, while of the second pituitrm and banum 
arc representative In the recent investigations of ephednne it has 
been tacitly assumed that epinephrine actions are the absolute 
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Standard of sympathomimetic effects But the originators of the 
term (Barger and Dale, 1910) pointed out that in some respects the 
effects of epinephrine are imlike those of electrical excitation of the 
sympathetic as well as those of many sympathomimetic drugs, 
notably in the pronounced tendency of epinephrine to produce inhibi- 
tory effects upon blood vessels and uterus of the cat It does not seem 
to the reviewers that, with such observations on record, it is necessary 
to restrict the group of sympathomimetic agents to those which 
duphcate the actions of epinephrine in all respects 
Clasification of ephednne in one or the other of these categories is 
at present rather arbitrary, for the choice depends upon the definition 
of the terms Since neither term is explanatory of the mode of reac- 
tion of drug with tissue substance, but is merely descriptive of observed 
or expected phenomena, the choice is of no great immediate impor- 
tance However, the reviewers believe that it is better at present to 
regard ephedrine as sympathomimetic in all its peripheral effects than 
to consider it as sympathomimetic in some localities, musculotropic in 
others This choice is based partly upon the burden of clinical evi- 
dence, which justifies the retention of ephedrine as a drug with the 
general usefulness of epinephrine, and partly upon the possibihty of 
future developments If stimulation by ephedrine of structures that 
are depressed by epinephrme is conclusive proof that ephedrine is 
musculotropic, the matter is closed, and little or nothing has been 
added by way of fundamental knowledge to utihze in investigation of 
other substances But if search is made for an explanation of these 
discrepancies upon a sympathomimetic basis, it is reasonable to sup- 
pose that something will be added to our knowdedge concerning the 
sympathetic innervation of various structures, and it is not incon- 
ceivable that progress may be made toward an explanation of the 
extraordinary predilection of many substances for the sympathetic 
nervous system, or for certain parts of it 

It IS quite possible that some of the effects of ephedrine are musculo- 
tropic The facts remain, however, that no valid evidence exists 
that such IS the case, that at least one of the supposedly musculotropic 
actions can even now be shown not to be such (i e , the stimulant 
effect upon isolated intestine), and that the general picture of ephe- 
drine actions IS strikingly similar to that resulting from stimulation 
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of the sympathetic nervous system by other means The review ers 
therefore believe it proper to await unequivocal demonstration of 
musculotropic actions by ephedrine, and the exclusion of the possibility 
of sympathetic stimulation as an explanation, before accepting the 
view that any of the penpheral effects of ephedrine are not sympa- 
thomimetic 

11 Absorption and excretion 

Ephednne is readily absorbed and produces systemic effects when 
administered orally, subcutaneously', intramuscularly, subdurally, 
intraperitoneally, or rectally in animals, and the same has been 
shown to be true of men excepting for the subdural and intrapentoneal 
routes, which have not been tried The rate of absorption in men, 
evidenced by the rise m blood pressure, is somewhat faster following 
subcutaneous or intramuscular injection than following oral adminis- 
tration, but the degree of effect is not significantly different (Miller, 
1925), evidently' absorption from the alimentary tract is complete 
Ihe effects of intravenous injection are much briefer than those of 
other modes of administration (Jansen) The readiness with which 
ephednne is absorbed represents an outstanding and usually ad- 
\antagcous difference from epinephrine, it may be due to a lack of 
constnetor action of ephednne upon finer blood \esscls 
The fate of ephednne m the body is still unknown, for there is no 
reliable and sensitne method for detecting it in tissues or excreta It 
apparently passes through the liver unchanged but whether it is 
destroyed m the body or eliminated, in unaltered or altered form, is 
unknown, nor is anything known about the route of ehmination 

12 Toxicity 

a Minimal lethal dose Table 2 shows the toxicity of ephednne 
in different animals The order of the M L D bv different methods 
of administration is as follovs intravenous, intramuscular, intra- 
pentoncal, subcutaneous, and oral The drug is therefore most toxic 
by inlrav enous injection and least toxic by' mouth In general, differ- 
ent w orkers agree that ephedrine has a lov toxicity and a w idc margin 
of safety In dogs, for example, the optimal pressor dose intra- 
\ enously is 1 to 10 mgm per kilogram while the M L D by the same 
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TABLE 2 

Toxicity of ephedrine tn different animals 


ANntAL 

EPHEDEINE 

METHOD OF ADIUNIS- 
TEATION 

MED 




irgm per 




kgm 

Squid {Loll go pealn) 

Sulphate 

Subcutaneous 

10* 


Hydrochloride 

Subcutaneous 

400-500 

Frog . ' 

Hydrochloride 

Subcutaneous 

440 

Hydrochlonde 

Subcutaneous 

600 


Hydrochlonde 

Subcutaneous 

540 


Sulphate 

Subcutaneous 

530-690 

Hamster 

Hydrochlonde 

Intraperitoneal 

350 

f 

Hydrochlonde 

Subcutaneous 

500 

Mouse 

Hydrochlonde 

Subcutaneous 

1,000 

Hydrochlonde 

Oral 

3,000 


Hydrochlonde 

Intravenous 

200 

\\Tiite mouse 

Sulphate 

Intraperitoneal 

400 

Rat 

Hydrochlonde 

Subcutaneous 

320 

WTiite rat 

Sulphate 

Intravenous 

135-140 

Gumea pig | 

Hydrochlonde 

Sulphate 

Subcutaneous 

Subcutaneous 

400 

400-425 


Hydrochlonde 

Subcutaneous 

300-460 

Rabbit 

Hydrochlonde 

Subcutaneous 

400-500 


Hydrochlonde 

Intravenous 

50 


Hydrochlonde 

Intravenous 

50 


Hydrochlonde 

Intravenous 

60 


Sulphate 

Oral 

590 

White rabbit 

Sulphate 

Subcutaneous 

320-400 


Sulphate 

Intrapentoneal 

310-400 


Sulphate 

Intramuscular 

340 


Sulphate 

Intravenous 

66-70 

Gray rabbit | 

Hydrochlonde 

Subcutaneous 

230 

Hydrochlonde 

Intravenous 

80 

Cat 1 

Hydrochlonde 

Intravenous 

60 

Sulphate 

Intravenous 

75 

f 

Hydrochlonde 

Subcutaneous 

220 

Dog 1 

Hydrochlonde 

Intravenous 

70 

1 

Sulphate 

Intravenous 

70-75 


ATITHOIl 


Nadler 

Amatsu and 
Kubota 
Fuju 

Kreitmair 
Pak and Read 
Cben 

Pak and Read 
FujJi 

Kreitmair 

Kreitmair 

Kreitmair 

Rowe 

Pak and Read 

Chen 

Kreitmair 

Chen 

Miura 

Amatsu and 
Kubota 
Kreitmair 
Pak and Read 
Chen 
Chen 
Chen 
Chen 
Chen 
Chen 

Pak and Read 
Pak and Read 
Kreitmair 
Chen 
Miura 

Pak and Read 
Chen 


* Total dose 
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route of administration is 70 to 75 mgm per kilogram It is interest- 
ing to note the great deviation of the M L D in mice obtained by 
Kreitmair from those reported by Fujii and by Rowe The difference 
by subcutaneous mjection is fully 100 per cent or more One wonders 
if these three workers experimented on the same species of animals 
The variations m the results, not more than 10 to 20 per cent among 
other investigators, should not be considered significant if one bears 
m mind the errors in the determination of toxicity Such errors have 
been critically analyzed by Trevan (Proc Roy Soc , 1927, B, ci, 483) 
and by Bum (Methods of Biological Assay, London, 1928) 

b Toxtc symplonialology Miura (1887) bnefly descnbed the toxic 
signs in animals mth lethal doses of ephednne He observed general 
depression, mydnasis, stoppage of the respiration and diastohc stand- 
still of the heart m frogs The signs of poisoning m mice, rabbits 
and dogs, as stated by him, are mydnasis, elevation of temperature, 
acceleration of the pulse and respnatoiy rates, fall of blood pressure, 
clonic convulsions and death due to cardiac and respiratory failure 
Amatsu and Kubota (1913) reported about the same results More 
detailed mvestigations were earned out by Chen on frogs, rats, guinea 
pigs, rabbits, cats and dogs In his expenence, cardiac collapse 
occurs sooner than respiratory failure Animals poisoned by sub- 
lethal doses of ephednne recover without complications A full 
account of poisoning symptoms in frogs, mice, gmnea pigs, rabbits and 
cats IS also given by Kreitmair 

The picture in the squid, described by Nadler, may be worth men- 
tioning Ten milhgrams of ephednne given subcutaneously fre- 
quently cause gangrene and necrosis at the site of injection, leaving 
tlie muscles of the mantle exposed The animal may, however, live 
for hours Oral administration and injection into the circulation via 
the heart, m S to 10 mgm dosage, produce a dark coloration In 
tliese cases tlie arms arc extended and limp, and on stimulation they 
go into a scries of tome contractions The respiratory movements 
arc faster and heavier, gradually become slower and labored, and death 
Occurs 

c Repeated admtnislratto7i In a scncs of rabbits Chen gav e daily 
doses of ephednne for several weeks intrav enouslj , intramuscularlj 
and orally and reported that the drug produces no observ'ablc toxic 
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effects These anunals gained in weight as steadily as the controls 
Upon sacrifice, there were no gross or microscopic lesions in the visceral 
organs No tolerance is developed to the mydriatic or pressor action 
of ephedrine by repeated admmistration, nor is there any change in the 
dose reqmred to cause death Similar results were obtained in rats 
This work has recently been verified by Doty 

TV CLINICAL APPLICATIONS 

1 Methods of Admtnisirahon and Dosage 

For systemic effects, ephedrine can be given by mouth, by sub- 
cutaneous or intramuscular injection, and only exceptionally by 
intravenous administration On occasion, the drug may be used per 
rectum, as shown by Thomas and by Hess For local application to 
the nasal mucous membrane, concentrations varying from 1 to 5 
per cent can be used It may be m the form of a solution, pure or 
mixed with other aromatic ingredients, a jelly or a snuff As a 
mydriatic, ephednne is used m 5 to 10 per cent aqueous solutions 

As regards the dosage for internal administration, this is governed 
entirely by the development of untoward symptoms A small dose 
for one individual may be a large one for another From the 
experience of early investigators, a single dose may be 50 to 100 mgm 
for an average adult Hess advocates the use of 1 to 2 mgm 
per kilogram of body weight This dose appears to be shghtlytoo 
large, especially for ambulatory patients, judging from the frequent 
occurrence of side reactions. It has now been reduced to 25 to 50 
mgm , and may be repeated as needed It can be given three or four 
times a day 

In children from 2 to 14 years of age, Munns and Aldrich use 12 to 
50 mgm of ephedrme by mouth. Anderson and Homan employ 
I grain (15 mgm ) for those over 1 year of age and | gram (7 5 mgm ) 
for those under 1 year, the drug being given in water solution Stewart 
prescribes | grain (10 mgm ) in children from 1 to 5 years, ? to ^ grain 
(15 to 30 mgm ) from 5 to 6 years, ^ gram (7 5 mgm ) from 6 to 12 
months, and iV grain (5 mgm ) under 6 months of age Such doses 
are given with 20 minims of glycerine and enough chloroform water 
to make a dram (4 cc ) 
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2 Side effects 

The untoTvard symptoms of ephednne, given orally, subcutaneously 
or intramuscularly, have been recorded by T G hliller, Rountree 
and Brown, Gaarde and Maytum, Poliak and Robitschek, MacDer- 
mott, Hollingsworth, Thomas, Balyeat, Berger and Ebster,Althausen 
and Sclmmacher, Wu and Read, Anderson and Homan, Kesten, 
Middleton and Chen, Wilmer, Gay and Hetman, Bloedom and 
Dickens, Boston, Long, Sdgard, Chopra, Dikshit and PiUai, Higgms, 
and Stewart m connection with their clinical investigations The 
development of such symptoms and signs depends upon the dosage but 
more upon the stability of the nervous system, as emphasized by 
Poliak and Rabitschek Similarly, Gaarde and Maytum state that 
the occurrence of the nervous smptoms bears a distinct relationship 
to a neurotic tendency and the daily activity of the individual The 
same therapeutic dose, therefore, may produce only desirable effects 
in one patient, and equally beneficial results but with some discomfort, 
in another Meals sometimes aggravate the symptoms (Middleton 
and Chen) It is the best plan to test out the sensitivity of the patient 
with small doses, say 10 mgm , and establish the maximal tolerated 
dose It is only by expenence and judgment that these side reactions 
can be reduced to a minimum 

Subjectively, the common symptoms are palpitations, trembling, 
ucakness, su eating, feeling of uarmth, chilly sensation, nausea, and 
vomiting, while those of less frequent and rare occurrence are nervous- 
ness, headache, insomnia, dyspnea, a tired feeling, thirst, drowsiness, 
precordial pain, feeling of distress m the precordium, flushing of the 
skin, tingling and numbness of the extremities, anorexia, constipation, 
quivering feeling, faintness and diuresis Boston makes a special 
report of difficult> in urination in 6 cases he observed Berger and 
Ebster give an account of a neurotic patient who had colic, followed 
by diarrhea and anorexia, after the use of ephednne, and of still 
another v\ho had such an increase of libido that he called ephednne an 
aphrodisiac Higgins reports a case of chronic ephednne poisoning 
w hich simulated hyperthyroidism 

Objeclivelj , the common signs arc diaphoresis, tremor, cxtrasystoles 
and tonal arrhythmia, while those of less frequent or rare occurrence 
are tachycardia, restlessness, mydnasis, albuminuna, appearance of 
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red blood corpuscles and casts in the urine, and decompensation in 
organic cardiac disorders. Anderson and Homan observed abdominal 
distension, pain and discomfort, discharge from the nose and apparent 
suppression of urine T. G Miller recorded a case of myocardial 
degeneration in which ephedrine caused pulsus altemans Four out 
of 11 cases in the senes of Middleton and Chen showed after ephedrine 
extrasystoles of ventricular or auricular origin, as shown by electro- 
cardiography Another case developed a paroxysm of tachycardia 
which lasted for a few minutes Bloedorn and Dickens describe a 
case of cardiac asthma, diagnosed as bronchial asthma, which resulted 
in cardiac embarrassment, including pulsus altemans, marked tachy- 
cardia and cardiac decompensation, following ephedrme therapy 
Such dangerous effects, however, do not appear to occur very fre- 
quently, for in the series of Hess and of Gay and Herman there were 
several patients with myocardial insufficiency but none experienced 
any harmful effects Pennetti observed, by means of electrocardio- 
grams, that ephedrine increased the frequency of pre-existing extra- 
systoles in 2 cases but produced no change in a case of A-V block of 
vagal origin The block in the last case disappeared after the adminis- 
tration of atropme or epinephrine 

All the side effects occur singly or in groups of but a few, become 
most pronounced when the systolic blood pressure is at its highest level, 
and disappear as the pressure returns to normal Some of the sub- 
jective symptoms may be explained by the pharmacological action of 
the drug For example, palpitation is due to circulatory changes, 
as borne out by objective observation, and the insomnia and tremors 
present in some cases are due to stunulation of the central nervous 
system Leake, Loevenhart and Muehlberger attribute the headache 
under ephedrine to the changes in pressure m the artenes or veins 
within the skull Occasionally, the untoward symptoms m some in- 
dividuals disappear on repeated administration of ephedrme, showmg 
that these individuals become better accustomed to the drug Alt- 
hausen and Schumacher mention two such cases and HoUingsworth 
another 

Investigators seem to agree that the prolonged use of ephedrine 
does not have any cumulative harmful effects and does not result in 
habit formation Middleton and Chen reported a case that received a 
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total quantity of 10 grams of ephednne sulphate m a penod of 11 days 
but showed no detectable pathological changes Withdrawal did not 
gi\e that patient any discomfort or any craving for the drug Wu 
and Read mentioned a case in which ephednne therapy (40 to 60 
mgm every 1 to 3 days) was continued for three years Laboratory 
examinations did not show any ill effects Thomas and Balyeat, 
and Colima also express the opinion that ephednne is not a habit- 
formmg drug In 5 out of 51 cases of asthma and hay fever, Althau- 
sen and Schumacher noted a considerable diminution of action in the 
relief of attacks, shownng the mcrcase in tolerance by repeated admin- 
istration It should also be borne in mind that the attacks may 
not have been of equal severity and that severe cases are unfavor- 
able for the action of ephednne 

Contraindications are but few In all cardiac disorders, espeaally 
with signs of decompensation, ephednne should be used with caution 
Sfgard mentioned angina and hypertension as contraindications of the 
use of ephednne However, recent work on spinal anesthesia shows 
that It IS permissible to use ephednne in hypertension cases Care 
should also be taken in cases where there is a labile vagosympathetic 
equiUbnum, although there is not the same extent of hypersensitive- 
ncss to ephednne as to epinephnne in Graves’ disease (Cstpai and 
Fembach) In late acute arculatory collapse, it is best not to give 
ephednne, since it may be a dangerous procedure, as shown by 
Blalock in experimental animals 

Pitkin mentions two fatahties in spinal anesthesia which were 
attnbuted to SO mgm of ephednne, but his own toxicological studies 
do not seem to support this statement Sise knows of two similar 
cases, not of his own, each patient w as in verj poor general condition, 
received repeated doses of ephednne, totaling about ISO mgm , be- 
came c>anotic, fibnUated and, although the pressure was at or above 
nonnal, died in about 12 hours In expenmental animals, however, 
death never occurs if the blood pressure is at its normal level 


V U'lUS 

1 In asthma 

Following the publication of T G Miller n.i„, c » i j 

ephednne m the treatment of bronchial S I employed 
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gators have made similar reports concermng their experience with the 
drug It appears to be generally agreed now that ephedrine is a good 
palhative remedy m the treatment of bronchial asthma Its action is 
weaker than that of epinephrine, and it is therefore only occasionally 
efficacious in severe attacks of asthma In mild and moderate cases 
it may prevent the attack if it is given several hours beforehand, abort 
the attack if it is administered dunng the prodromal penod and some- 
times stop the attack when it is used while the attack is in progress. 
Its prophylactic action seems to be better than its antispasmodic 
property This is well illustrated by the work of Vallery-Radot and 
Blamoutier, who showed that ephedrine was effective in 16 (69 per 
cent) out of 23 cases when given prophylactically but in only 17 
(43 per cent) out of 39 cases when given durmg the attack Leopold 
and Miller show that the best results are obtained m allergic and reflex 
nasal cases, and comparatively less satisfactory results are obtained in 
the infectious t3rpe Similarly, Gay and Herman note that the relief 
from an asthmatic attack is most quickly obtained in patients whose 
symptoms are due to a specific foreign protem, such as pollens, animal 
emanations, orris root, feathers, with or without secondary bronchitis 
According to Thomas, a field for the use of ephednne appears to lie m 
its employment as often as necessary to prevent the occurrence of 
paroxysms in asthmatic patients who are awaiting the completion of 
skin tests, courses of vaccine administration, rhinological treatment, 
radiotherapy or other methods from which more permanent benefit 
is hoped for This author adds, however, that patients who are about 
to undergo sensitization tests should be cautioned not to seek relief in 
ephedrine within a period of 12 hours before such tests are to be made, 
for the drug, like epinephnne, temporanly prevents the appearance 
of positive reactions to specific tests for sensitiveness 
When desirable effects occur, ephednne has certain advantages over 
epinephrine from the therapeutical point of view In the first place, 
it can be given by mouth, secondly, it can be employed as a preventive, 
thirdly, it has a more prolonged action, although its onset is not so 
prompt, and fourthly, it produces less side reactions Some individuals 
who are unable to take epinephrine are fortunately able to use ephe- 
dnne without untoward symptoms In other words, a reaction from 
epinephrine does not indicate that ephedrine likewise will have a 
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TABLE 3 


Raulls cf ephedrine therapy tit the treatment of asthma 


AUTCO* 

Ktnraez or cases 

SXSUtTS 

T G Miller (1925) 

7 

Benefit in 6, none m 1 

T G MUler (1926) 

Leopold and T G Miller 

36 

Good results m 26, relief not 
marked in 4, no improvement 
in 6 

(1927) 

59 

, Complete relief in 33, partial 
relief in 17, no rebel m 9 

Thomas (1926) 

20 

Relief in 17 

Thomas (1927) 

0\er 300 

Ephtdnnc is a rcmarkablj cl5 
cicnt drug 

MacDermott 

20 

Relief m most cases 

Poliak and RobitscheL 

16 

Ephedrine replaces epinephrine 
! injections 

Hess 

IS 

Very good m part, good in part, 
rarely insufficient success 

Heller 

1 

Marked improvement (observa 
tion made on himselO 

Jansen 

? 

Favorable 

Kammerer and Dorrer 

9 

Relief m 8, none m 1 

Middleton and Chen 

25 

Relief in 9, improvement in 8, 
inconclusive m 8 

Piness and Miller 

no 

24 severe cases did not obtam 
relief 

Althausen and Schumacher 

39 

Complete relief in 21, partial 
relief m IS 

\\'ilmcr 

100 

Rchef in 75, relief in severe 
attacks, 10 

WIkin«on 

12 

Excellent 

Wu and Read | 

(Ward) 11 

9 responded well 

(Ambulatory) 90 

Favorable 

Bibb 

2 

Perfect relief 

Bal> eat 

Over 100 

Ephedrine is of considerable 
value in 65 per cent of the 
cases 

RudoU and Uraham 

(Severe) 2 

Ephednne reduced epmcpbnne 
injections m one, 4mt had no 
effect in the other 

Janlovi-ski 

ColUna 

n 

Ephedrine has a marl ed effect 

14 

Complete relief in 5, evident 
improvement in 5, temporary 
improvement in 2, no change 

Taj lor 

10 

Prompt relief in cverj case 
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TABLE 3 — Concluded 


AtXTHOi 

NUMBER OF CASES 

RESULTS 

Gay and Herman 

100 

Complete relief in 71, moderate 
rehef m 21 , no rehef m 8 

Vallery-Radot and Blamoutier 

49 

1 

In 23, ephedrine used prophy- 
lactically, produced benefit m 
16 but none in 7, in 39 ephe- 
drme given dunng the attack, 
gave rehef to 17, but none to 
22 

McPhedran 

12 

Complete relief m 9, partial in 2 

S^id 

? 

Total relief in mild cases 

Long 

? 

Efiective in rehef and prevention 

Munns and Aldrich 

(Children) 22 

Complete relief in 12, partial in 
4, none in 6 

Anderson and Homan 

(Children) S 

Marked rehef 

Stewart 

29 

Rehef in over half 


similar unpleasant effect A combination of epinephrine and ephe- 
drine has been found efficacious by some and objectionable by others 
On the whole, if the patient shows reactions to epinephrine alone, or 
to both epinephrine and ephedrine, the injection of epmephnne in the 
presence of ephedrine usually exaggerates the untoward symptoms 
(Althausen and Schumacher, and Haintz) . K the patient can tolerate 
both drugs well, there is no reason why epinephrine cannot be given 
in addition to ephedrine if the latter fails to act 

Relief from ephedrine takes place in 20 to 30 minutes if it is given by 
mouth but in 10 to 15 minutes if it is administered intramuscularly or 
subcutaneously The clmical improvement can sometimes be ob- 
served objectively It consists m dnmnution of cyanosis, increase 
of vital capacity, decrease of rales, gradual disappearance of orthopnea, 
and euphoria of the patient Subjectively, the patient usually volim- 
teers the information that he can breathe better and feels relieved 
The relief may be followed by coughing and expectoration (Heller) 
Individuals who suffer regularly from daily or mghtly paroxysms may 
remain asthma-free for long periods of time by taking the drug once, 
twice or three times every 24 hours They can resume their daily 
activities and pass comfortable nights Withdrawal of the ephedrine 
results in recurrence of asthmatic symptoms Other persons are not 
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SO fortunate, for the by-effects, occasionally met with, render its use 
impracticable even though it relieves the bronchospasm 

In children afflicted with asthma the same beneficial results have 
been obtained with the proper doses of ephedrine, as reported b}' 
Munns and Aldnch and by Anderson and Homan 

The results of various workers, not only in this country but in 
various parts of the world, are summarized m table 3 It will be seen 
that beneficial results have been obtained in the majonty of cases by 
each physician It is futile to compare the percentage of improve- 
ment in different senes smce the essential factor is not the patient 
or the drug but the severity of the asthmatic attack 

2 In hay fever 

Gaarde and Maytum in 1926 reported their first series of 26 cases 
of autumnal hay fever which were treated by the oral administration 
of ephednne Thirteen of these patients obtained complete or almost 
complete relief from symptoms by taking 60 mgm doses 2 to 3 times 
every 24 hours The relief lasts 3 to 7 hours after each dose Ex- 
cessive nasal secretions stop, ocular symptoms disappear, and m every 
way the patients are entirely comfortable In 5 cases the result was 
fair and partial relief was obtained for 2 to 3 hours after cacli dose 
In 8 cases the results were negative In their next senes, published 
in 1927, they made a comparison of the effects of oral administration 
with those of a 3 per cent nasal spray In 24 patients who received 
ephedrine by mouth, 13 (54 per cent) were completely or almost com- 
pletelyrclievedfor4hoursormorc,7(29percent)weropartiallyrelieved, 
and 4 (16 per cent) were not relieved or they were not able to tolerate 
tlie nervous symptoms In a similar senes of 25 cases winch were 
given ephednne by a spraj , 7 (28 per cent) were markedlj rehev ed for 
several hours, 12 (48 per cent) were partially relieved for several 
hours or completely relieved for less than an hour, and 6 (24 per cent) 
were not benefited Ephednne given in 3 per cent solution as a nasal 
spray, therefore, appears to bt less cfflcaaous and the relief is of shorter 
duration However, the majority of patients feel that its use adds to 
their comfort The best results are obtained when the spra> is used 
carlj in the parovjsm The effect of both the local and internal ad- 
ministration seems to depend on the scvcnt> of the paroxasmsand 
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TABLE 3 — Conchtiei 


AUTBOi 

NUUBEa OF CASES 

llESULTS 

Gay and Herman 

100 

Complete relief m 71, moderate 
relief in 21, no relief m 8 

Vallery-Radot and Blamoutier 

49 

In 23, ephednne used prophy- 
lactically, produced benefit m 
16 but none in 7, in 39 ephe- 
dnne given during the attack, 
gave rehef to 17, but none to 
22 

McPhedran 

1 12 

Complete relief in 9, partial in 2 

S^ard 

? 

Total relief in mild cases 

Long 

? 

Effective in relief and prevention 

Munns and Aldnch 

(Children) 22 

1 

Complete relief in 12, partial in 
4, none in 6 

Anderson and Homan 

(Children) 5 

Marked rehef 

Stewart 

29 

1 

Rehef m over half 


Similar unpleasant effect A combination of epinephrine and ephe- 
drine has been found efficacious by some and objectionable by others 
On the whole, if the patient shows reactions to epinephrine alone, or 
to both epinephrine and ephedrine, the injection of epinephrine in the 
presence of ephedrine usually exaggerates the untoward symptoms 
(Althausen and Schumacher, and Hamtz) If the patient can tolerate 
both drugs well, there is no reason why epinephrme cannot be given 
in addition to ephedrme if the latter fails to act 
Relief from ephedrme takes place in 20 to 30 minutes if it is given by 
mouth but in 10 to 15 minutes if it is adnunistered intramuscularly or 
subcutaneously The chnical improvement can sometimes be ob- 
served objectively. It consists m diminution of cyanosis, increase 
of vital capacity, decrease of rMes, gradual disappearance of orthopnea, 
and euphoria of the patient Subjectively, the patient usually volun- 
teers the information that he can breathe better and feels relieved 
The relief may be followed by coughmg and expectoration (Heller) 
Individuals who suffer regularly from daily or nightly paroxysms may 
remain asthma-free for long periods of time by takmg the drug once, 
twice or three tunes every 24 hours They can resume their daily 
activities and pass comfortable nights Withdrawal of the ephedrine 
results in recurrence of asthmatic symptoms Other persons are not 
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belladonna and ipecac, seems to have a beneficial effect The progress 
of the infection is not in any way influenced 

5 In spinal anesthesia 

The blood pressure-raising property of ephednne appears to be most 
useful in spinal anesthesia Rudolf and Graham studied 26 cases 
under spinal anesthesia, in the surgical and gynecological wards of a 
hospital, in which they administered ephednne intravenously Their 
results are striking, especially with reference to the elevation of the 
blood pressure In their first few cases the blood pressure w as allow ed 
to drop until it had apparently reached its lowest level and then 50 to 
100 mgm of the drug w ere given by vein With but one eiception 
there quickly resulted an extraordinary and prolonged nse in blood 
pressure, with a slower and stronger heart beat This lasted for 1 to 
U hours In their later cases they used smaller doses and gave the 
ephednne within 2 to 3 minutes after the anesthetic, so as to antic- 
ipate the fall rather than combat it after it had developed This 
improved technique proved to be satisfactory and they had no case of 
drastic fall in blood pressure or of vomiting, w Inch occurs frequently 
in spinal anesthesia They also state that the drug can soraetunes be 
given with advantage before the spinal anesthetic where the blood 
pressure is already too low Ockcrblad and Dillon have used ephe- 
dnne in SO to 100 mgm dosage, subcutaneousl> or orally, in a scries of 
250 cases and have been successful in restoring the right amount of 
arterial tension necessary for surgical operations and the w ell being of 
the patient The fall in pressure must be anticipated if the best 
results arc to be obtained with ephednne In other words, once the 
pressure falls as much as SO per cent, the return to the normal level — 
oxen under comparatively large doses of the drug — is slow and uncer- 
tain It IS better to reinforce the vascular sjstcm with ephedrinc 
before the actual administration of the spinal anestlictic, to have the 
blood pressure 20, 30 or more millimeters Hg above the normal for 
that individual The drug is repeated if there is a tendency to fall 
Chronic hj’potension, which used to be a contraindication to spinal 
anesthesia, is no longer a valid objection Ephednne rcliexes any 
tendency toward retching and vomiting which, according to Ockcrblad 
and Dillon, is due to the prcliminarj h> podermic injection of morjihmc 
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the good results are obtained in the milder seizures. Untoward symp- 
toms, when they occur, are attributable to the neurotic temperament 
and nervous state of the patient. In analyzing their data of two suc- 
cessive seasons, Gfaarde and Maytum conclude that ephedrine should 
be given a definite place in the treatment of autumnal hay fever, and 
they emphasize the fact that when good effects are obtained they are 
temporary and symptomatic Leopold and Miller observed complete 
temporary relief in 63 per cent of 11 cases and prefer the oral route for 
the administration of ephedrine Encouraging results in the treatment 
of hay fever with the new drug are also noted by Thomas, Balyeat, 
Althausen and Schumacher, Wilkinson, and Ramirez Piness and 
Miller observed relief in only 1 out of 5 cases when ephedrine was 
given by mouth, but in 18 out of 20 cases when the drug was used as a 
spray These results show that local application is more efficacious 
than oral administration 

3 In bronchihs and emphysema 

In 11 cases of senile emphysema, 1 with active and 6 with inactive 
pulmonary tuberculosis and all having hypotension, Saxl reports 
that ephedrine produced a striking improvement of the dyspnea m 8 
but had no effect in 3 The blood pressure rose 15 to 30 mm Hg for 
several hours with 100 mgm doses According to him ephedrine has 
the advantage over atropme in that it does not cause dryness of the 
throat These conclusions have been confirmed by the study of a 
larger series of cases by himself 

4. In whooping cough 

Anderson and Homan were the first to try out ephedrine therapy in 
pertussis They noticed that the drug abolished the characteristic 
signs of whooping cough in 18 out of 20 children In all instances in 
which improvement occurred, some cough remains but in mild form 
and of a type associated with acute upper respiratory infections 
They believe that ephedrine is most useful during the second stage of 
the disease In a series of 35 children suffering from pertussis Stewart 
observed that ephedrine relieves the coughing, the whooping and 
vomiting in mild and moderate cases In severe cases there is no 
effect at all He states, however, that the drug, combined with 
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mentioned a single case in which ephedrme seemed to have a good 
effect T G Miller studied tno cases of early Addison’s disease and 
found a rise of blood pressure and increase of basal metabolic rate fol- 
lowing the administration of ephedrme, but both patients died from the 
disease Rountree and Broivn treated 14 cases of Addison’s disease 
and two of questionable Addison’s disease with ephedrme They also 
demonstrated a defimte rise of blood pressure and increase of metabolic 
rate, but the rise was not accompanied by a marked feehng of w ell 
being, significant increase m strength or relief from the gastric S 3 Tnp- 
toms or arculatory asthenia Only m one case of early Addison’s 
disease excellent clinical results were obtamed The feeling of w eak- 
ness and exhaustion disappeared and the patient felt buoyant, strong 
and refreshed 

T G Miller tried ephedrme in a number of cases with essential or 
chronic hypotension and observed that in some of them it produced 
a temporary elevation of pressure, lasting from 3 to 6 hours after each 
dose by mouth The response m pressure increase was not as striking 
as m certain other types of cases, and sometimes a dose of 50 mgm 
had no effect whatever on the h>potension, yet most of the patients 
expressed themselves as feehng stronger and more energetic under its 
influence Rowntree and Brown administered ephednne m 9 cases of 
nervous exhaustion and hypotension Aside from the rise of blood 
pressure for 3-6 hours and some increase of the basal metabolic 
rate, no other evidence of clinical improvement was observed objec- 
tively, although some of the patients were convinced that lhc> felt 
somewhat stronger Poliak and Robitschek mentioned a case of 
pneumonia m vvhich daily doses of ephedrme raised the blood pressure 
from a level below 100 mm to 145 mm Hg, although accompanied bj 
some untow ard symptoms Hess reported a senes of cases w ith hypo- 
tension, including pneumonia, bronchopneumonia, pulmonary tuber- 
culosis, cardiac insufliciency and vasomotor weakness Repeated 
small doses of ephedrme produced favorable results In the treatment 
of paresis with malanal fever, the drug can maintain the blood pres- 
sure at the normal level, as shown by three cases He advocates the 
combination of ephednne with atropine in the treatment of bronchial 
asthma and with digitalis or caffeine m cardiac insufficiencj with low 
pressure and chronic bronchitis Middleton and Chen studied three 
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and scopolamine, Pitkin uses 1 to 1 3 cc of a solution containing 
1 per cent of novocaine and 3 per cent of ephedrine to make a wheal at 
the site of, and before, lumbar puncture. He is satisfied with the 
pressor action of ephedrine and performs operations below the dia- 
phragm He states that the action of the drug can be relied on 
for 2 to 3 hours and has contributed much to the safety of spinal 
anesthesia Pitkin and McCormack, and Cosgrove have tried the 
drug in obstetrics where spmal anesthesia may be indicated, as m low 
forceps extraction, episiotomy, perineorrhaphy, dilatation or incision 
of the cervix, podalic version, craniotomy and extraction, vaginal 
hysterectomy, etc Ephedrine is used prophylactically as outlined 
by Pitkin Holder gives ephedrine subcutaneously IS minutes before 
the administration .of the spinal anesthetic and succeeds in keeping the 
systolic blood pressure at a constant level, although somewhat below 
the original In 151 cases, approximately one-half received ephedrine 
(50 to 100 mgm ) and the average drop of blood pressure was 12 8 
mm Hg In the other half the average drop of pressure was 37 5 
mm Hg Wehrheim reports his experience m over 300 cases of spinal 
anesthesia with ephedrine (50 mgm ) injected subcutaneously 5 min- 
utes before the spinal tap To show the benefit of this procedure, he 
states that the average drop in blood pressure in spinal anesthesia 
without ephedrine is 10 to 30 mm. Hg within 15 minutes, but the 
average drop in 30 consecutive medicated cases was nil Sise con- 
siders the repeated injection of ephednne unnecessary and sometimes 
dangerous if the blood pressure begins to drop in spite of the use of 
ephedrine Other measures, such as saline infusions with small doses 
of epinephrine, should be resorted to Other favorable reports of 
spinal anesthesia with ephedrine have been made by Babcock, Wallace, 
Jeck in kidney and ureter operations, DeCourcy, Case who uses the 
drug subcutaneously immediately after the spinal injection, Gosse, 
Saklad, and Russell who injects ephedrine intramuscularly before the 
spinal puncture 

6 Ifi hypoteiistm 

The use of ephedrine in the treatment of chronic or subacute hypo- 
tension has, with some exceptions, not proved as promising as had been 
hoped for It has been tried in Addison’s disease Chen and Schmidt 
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Poliak and Robitschek recorded a case of acute alcoholic poisoning in 
which ephednne caused a definite increase in blood pressure from an 
almost imperceptible pulse Similarly, in a patient dying of post- 
operative peritonitis Rudolf and Graham administered 100 mgm of 
ephedrine intravenously Ihe systolic blood pressure rose from an 
unrecordable level to 86 mm Hg within 2 minutes and later to 130 
mm Hg The good effects lasted for some 45 rmnutes and then the 
patient gradually sank and died some five hours later Althausen and 
Schumacher reported two cases m a state of surgical shock m which 
ephedrine was given One of them rapidly recovered and the other 
died Both were given blood transfusions simultaneously Waters 
(cited by Jackson) behoves that the chances for a favorable result from 
the action of ephedrine are much increased if it is given m the early 
stages of traumatic or surgical shock H Schmidt advocates the use 
of ephedrine as a prophylactic measure against vascular shock m local 
anesthesia and surgical shock in major operations under chloroform, 
spinal or avertin anesthesia The action usually lasts longer than the 
operation 


8 In Adams-Stohes’ syndrome 

In a single case of complete heart block T G Miller gave a subcU' 


tancous injection of 100 mgm of ephedrine it caused an increase of the 
ventricular rate from 38 to 55 per minute, of the auricular rale from 
110 to 125 per minute, accompanied by a rise of blood pressure, as 
shown by electrocardiograms The shape of the P-wave and the 
ventricular compleves was observed to alter from time to time 
Holhngsw orth w as the first to report a case of Adams-Stokes’ syndrome 
in which the first dose of ephedrine (50 mgm ) by mouth stopped the 
attacks within 30 minutes The latter did not recur in 36 hours On 
taking the drug every morning the patient was completely freed from 
symptoms and was able to resume her household duties After three 
weeks tlie drug w as withheld but the attacks recurred in 48 hours It 


was therefore resumed Stechcr reported a sunilar case of complete 
heart block wnth syncope and convulsions m wlucli ephedrine gave 
complete relief The patient was given 30 mgm doses three times 
a day during the first w eek and 20 mgm doses three times a day during 
the nevt two weeks The drug was then discontinued and the patient 
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patients who had hypotension — two with asthma and one without 
asthma — with ephedrine at frequent intervals for a considerable length 
of time, in the hope of elevating their blood pressure and maintaining 
the higher pressure The results in two were practically negative. 
The shght elevation in the third was probably due to the improvement 
of his asthmatic condition under ephedrine therapy Wu and Read, 
on the other hand, state that they obtain very satisfactory results 
with ephedrine in cases of hypotension Althausen and Shumacher 
determined the value of ephedrine in 7 patients with chronic hypo- 
tension Dunng an average period of 20 days the blood pressure was 
raised by daily doses of the drug and three patients felt stronger while 
four did not notice any change Christ and Brown reported an 
interesting case of postural hypotension with syncope, in which ephe- 
drine raised and sustained the blood pressure and rendered the patient 
free from symptoms He has been able to go back to work without 
further attacks by the daily use of the drug These authors believe 
that ephedrine may exercise a specific alleviative effect on the disease 

7 In shock 

In acute circulatory collapse it is still a question how much good 
ephedrine can do The drug is not indicated in late stages of shock 
Chen in dogs observed that ephedrine restores the blood pressure in 
hemorrhage and in experimental shock induced by histamine, peptone, 
anaphylaxis or surgical manipulation, and that it fails to act when the 
heart beat becomes impaired or respiration ceases, or the degree of 
shock IS too extensive, or when the hemorrhage exceeds 25 per cent of 
the total blood volume Blalock, also experimenting with dogs, con- 
cluded that in less severe cases of shock ephedrine works better than 
caffeine, strychnine, epinephrine and digitalis, but in severe cases it 
seems to hasten death Chen and Schmidt investigated its effect in 
surgical shock in a single patient, with encouraging results Miller 
reported real improvement m two cases m profound shock In one of 
them an intravenous injection of 100 mgm raised the blood pressure 
from practically zero to 65 mm Hg, although the patient finally died of 
general peritonitis Since then, he has tried the drug in a large num- 
ber of cases of shock and hemorrhage, usually without beneficial 
result, even though the drug was given intravenously (unpublished) 
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had no further attacks for 10 weeks afterwards, during which time 
he was ambulatory 

P As a nasal astringent 

Dr. Alice H Cook (cited by Fetterolf and Sponsler) was the first 
to use ephednne locally in the nose and throat She found that a 10 
per cent solution of ephednne causes almost instant shrinkage of an 
engorged nasal mucous membrane and that the action is more rapid and 
complete than that of a 4 per cent solution of cocaine This sub- 
ject was investigated more thoroughly by Fetterolf and Sponsler who 
used a 5 per cent solution in 17 patients and found it so effective 
that they described ephedrine as a drug which, for use in the nose, has 
all the advantages of epinephrine with perhaps none of its disadvant- 
ages Following the apphcation to the anterior part of the lower 
turbinate by means of a cotton brush, contraction begins in from a few 
seconds to one minute The maximum is established in from 1 J to 
5 minutes or in an average time, for their series, of 2| minutes In 
spite of a small area of apphcation the turbinate m every case contracts 
throughout its entire length The general outhne of the medial sur- 
face changes from convex to concave Contraction is so complete 
and the mucosa becomes so thin and flat that it fits the bone as a glove 
fits the finger The color is altered to a paler hue and assumes a 
gray tint at the maximum of the action No white ischemia occurs, as 
is often seen with epinephrine Relaxation begins in 2 hours and 35 
minutes and is complete in an average time of 3 hours and 17 minutes 
There is no sign of irritation of the mucous membrane, such as sneezing, 
either on the same day or the following day There is no secondary 
congestion, as with epinephrine Similar favorable results have been 
obtained with weaker solutions (l to 3 per cent) by Fiske, Proetz, and 
others Kennon advocates the use of ephednne m (1) acute nasal 
accessory sinus disease, (2) chronic nasal sinus disease where surgery 
is contraindicated and as an adjunct to surgery, and (3) chronic 
accessory sinus disease in children where surgery should be used only 
for the removal of toxic foci Merkel states that a 3 per cent solution 
of ephednne is just as effective as a 5 per cent solution in rhinotherapy 
and the drug can be applied by (1) spraying, which is best for children, 
(2) topical apphcation with cotton on a probe, and (3) introduction 
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into the nose on cotton packs Fifteen infants having definite e\T- 
dence of ethmoiditis were treated by this author in the following man- 
ner the nose was irrigated wnth a warm saline solution twice daily, 
half an hour after the irrigation a 2 per cent solution of ephednne was 
sprayed on the nasal mucosa, and 5 minutes later 3 drops of a 5 per 
cent solution of argyrol were placed in the nostnl Twelve patients at 
least were benefited by such a regime Ephednne does not need to 
be in contact with the nasal mucosa for more than a few seconds A 
pack left in situ for 3 minutes causes no more contraction than after 
a shorter time Daily use over a penod of 10 days shows no change 
in the rapidity or duration of the action The drug bnngs about free 
ventilation and drainage for a penod of 3 to 6 hours Merkel also tned 
ephednne in 3 cases of epistaxis and claimed to obtain good results 
Reaves, employing a mixture of I per cent of ephednne and 0 5 per cent 
of butyn, performs minor surgical operations on the nose Gaarde 
and Maytum reported that ephednne given orally produces a stop- 
page of excessive nasal secretions in cases of hay fever They noticed 
sneezing in some patients Leopold and Miller obsen'ed actual 
shrinkage of the nasal mucous membranes in similar cases by the same 
method of administration In expenmental animals (dogs), a contrac- 
tion of the nasal mucosa and accessory sinuses following the intra- 
venous injection or local application of ephedrme has been demon- 
strated by Rudolf and Graham with Copeland’s technique, by Jackson 
with his own dc\nce and by King and Pak wnth Tschalussow’s nasal 
plethjsmograph 

JO As a mydrtahe 

The first ophthalmological work with ephednne was done by Miura 
in 1887 He observed that a 6 to 7 per cent solution of ephednne 
produces mydnasis in most people in from 40 to 60 minutes The use 
of a 10 per cent solution in 18 patients did not cause a maximal dilata- 
tion of the pupil but produced sufiiaent dilatation for the xnsuahzation 
of the retina Dunng dilatation the light reflex is retained and the 
accommodation is not paralyzed There is no increase in intra ocular 
pressure, no irritation or mflaitimation follows its instillation and no ill 
cficcts result from prolonged use One patient receiving tliree treat- 
ments dail> for 15 days showed no pathological changes The dura- 
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tion of mydriasis varies from 5 to 20 hours Children and aged people 
are more susceptible than young adults The diseased ins does not 
seem to respond well De Vriesse pubhshed practically identical 
results in 1889 Inouje encountered a case in which the instillation of 
ephedrine precipitated an acute attack of glaucoma Groenouw re- 
ported 100 cases he studied in which the following mixture was used 
ephedrine hydrochloride, 1 gram, homatropine hydrochloride, 0 01 
gram, and water, 10 cc Merck named this mixture Mydnn The 
mydriasis with this combination begins in 8| minutes, reaches its max- 
imum in 34 minutes and lasts for from 4 to 6 hours The accommo- 
dation is not interfered with by this solution In strong hght the 
pupil contracts to 5 6 mm m diameter Similar favorable results 
have been reported by Suker, Snell, Cattaneo and Stephenson Mar- 
moiton not long ago (1911) gave a resume of this work on ephedrine 
All these authors advocated the use of ephedrine in the exploration 
of the fundus on account of the rapid action, absence of cycloplegia, 
short duration of mydriasis and harmlessness of the drug Since the 
recent extensive study of ephedrine interest m its use m ophthalmology 
has been revived Middleton and Chen observed that a 10 per cent 
solution of ephedrine, or the same concentration with the addition of 
0 1 per cent of homatropine or of 0 1 per cent of atropine, may be used 
locally as a mydriatic for routine ophthalmoscopic examinations 
Chen and Poth found that ephedrine is an efficient mydriatic for 
Caucasians but is of little value in dilating the pupil of the Chinese 
and of negroes The investigation was made both in diffuse daylight 
and under controlled illumination with accurate measurements 
The same difference in mydriatic action m these three races was 
observ'^ed with cocaine and euphthalmine, which have hitherto been 
used indiscriminately m clinics The question seems not to be 
entirely one of different amounts of pigmentation, as rabbits of vanous 
colors respond almost equally to ephedrine apphed to the conjunctival 
sac Howard and Lee also reported that ephedrine is more effective 
as a mydriatic m individuals with light irides than in those with dark 
Dittmann, on applying a 3 per cent solution on himseff, experienced 
conj'unctivitis, increased tension and blurring of vision Schoenberg, 
on the other hand, concluded, from a study of several hundred patients, 
that a 1 to 3 per cent solution of ephedrine is a valuable drug to produce 
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mydnasis for ophthalmoscopic CTamination The same author ob- 
serv ed that the effect of ephednne on the human pupil is counteracted 
by pilocarpine within 5 to 10 minutes Similarly, Muller, after 
years’ experience, considers it as a useful agent for diagnostic purposes 
This investigator administered ephednne m several cases of chronic 
glaucoma and found no change in the intra-ocular pressure Re- 
cently, Chen and Poth found that the dilated pupil in Caucasians 
under the influence of ephednne is made more stable to light if a small 
amount of homatropine or euphthalmine is added The mixtures 
have a short duration of action and some (but only little) mfluence 
upon the accommodation As a result a better view of the eye ground 
IS obtained without inconveniencing the patient by blurnng of vision 
The solutions are but little imtating Some subjects expenence a 
burning sensation which lasts for about 30 to 60 seconds In uveitis 
and intis, however, ephednne, or its mixtures with other mydriatics, 
fails to dilate the pupil 

11 As ait anhdole for narcotic drugs 

C F Schmidt observed m expenmental animals that ephednne 
possesses the pow er not only to increase the Os supply of the brain by 
its pressor action but also to stimulate the respiratory center directlj 
He advocates the use of ephednne and epinephnne in serious depres- 
sion or failure of the respiration, such as following morphine, m prefer- 
ence to the conventional respiratory stimulants, as caffeine, atropine, 
strj chnine or camphor Similarly, Krcitmair found that in rabbits 
and cats ephednne, given intramuscularly or intravenously, not only 
restores the respiration after its paralysis by scopolamine but also 
raises the blood pressure He suggests its clinical use in twilight sleep 
with scopolamine and morphine, or scopolamine and eucodal (dihy- 
droxycodeine hj drochloride) Subsequent reports seem to bear out 
his point In psychiatry Guttmann used hypodermically ampules 
containing 1 mgm of scopolamine and 25 mgm of ephednne in all cases 
of senile dementia, artenosclerosis and 2 excited cardiac psvehoses 
Dunng sleep these individuals had a qmet smooth breathing instead of 
snoring The addition of ephednne apparently does not affect the 
narcotic action of scopolamine In surgery, Strcissler reported 26 
cases in which he injected subcutaneously morphine and ampules 
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containing 1 part of scopolamine and 25 parts of ephedrine to produce 
analgesia and anesthesia These drugs are given in divided dosage 
Accordmg to Streissler, 2| hours before the operation the patient 
should be given 10 mgm of morphine and 1 mgm of scopolamine with 
25 mgm of ephedrine After 15 minutes 10 mgm of morphine are 
given and 15 minutes later 1 mgm of scopolamine with 25 mgm of 
ephedrine is again injected. If sleep is not deep 1| hours before opera- 
tion, 0.5 to 1 mgm with ephedrine, which is an extra dose, should be 
given Finally, hour before operation, 10 mgm of morphine, to- 
gether with 1 mgm of scopolamine plus ephedrine are injected With 
these medications the pain sensation disappears before tactile sensa- 
tion There is no anxiety, fear or resistance on the part of the patient 
during induction of anesthesia Many operations can be done under 
this form of analgesia and anesthesia, such as amputations of the 
breast, surgical treatment of the stomach or gall bladder, etc In 
young vigorous persons ether may be given during the operation, but 
only as httle as possible The pulse rate is often unchanged but is 
usually accelerated after the operation Respiration is slowed but 
not made stertorous The blood pressme remains elevated for two 
hours after the operation The patient wakes up in 4 to 6 hours with 
complete amnesia and euphoria and without any strugghng Vomit- 
ing does not occur The pain in the woimd is not so severe There 
•were no postoperative complications that could be definitely attnb- 
uted to the drugs Lubitz, working at the same chnic, reported 14 
more cases, usmg the same medication Moro used this combination of 
scopolamine, ephedrine and morphine in 32 urological cases, and Ostrcil 
for painless dehverj’’ Similar results with the combination of eucodal, 
scopolamine and ephednne in surgical operations have been reported 
by Dax and Weigand from 145 cases and by Wagner from several 
hundred cases Merck has patented the scopolamine-ephedrine com- 
bination in England and Austria ^ 

12 In dermatology 

a. In urticaria In view of the fact that ephednne resembles epi- 
nephrine it has been tried out chnically in allergic conditions other 
than asthma and hay fever. T G. hliUer treated two cases of acute 
urticaria with ephedrine given by mouth and recorded beneficial 
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results Kesten made a careful study with ephednne m a large senes 
She found that mil cases of chronic urticaria with angioneurotic 
oedema, 7 were cured, 2 improved and 2 unaffected Several patients 
m this group had had urticaria almost continuously for years but be- 
came free from symptoms after taking the drug and remained so for 
some months after the medication had been discontinued Results 
are less favorable m cases without oedema Of 6 patients with chronic 
urticaria 2 had complete rehef , 2 showed improvement and the remain- 
ing 2 no change, following the oral use of ephednne In 3 cases of 
papular urticaria, 2 of erythema multiforme and 2 of chronic eczema 
there was practically no relief except for lessened itching Similarly, 
in a case of mild urticaria following the administration of serum but 
ivith no other symptoms of serum sickness, ephednne produced no re- 
lief Althausen and Schumacher reported that ephednne gave 
prompt relief from itching and brought about disappearance of the 
lesions in a case of toxic erythema accompanied by pruritus, and 
effected improvement in 2 cases of urticaria but gave no relief in 5 
other cases of urticana and 3 cases of angioneurotic ccdcma Encour- 
aging results V ere obtained by Thomas m a few cases, and by Munns 
and Aldnch in a case of urticaria, by Berger and Ebster in a case and 
by Wilkinson in 2 cases of chronic urticana , by McPhedran in a case of 
angioneurotic oedema, and bj Segard in a case of painful and purulent 
polymorphous erythema 

h In dcrmaMis medtcamenlosa Perutz recommends the use of 
ephednne in anaphj lactic reactions from turpentine Stokes and 
McIntyre studied 68 cases nhich showed reactions towards arsphena- 
mine injections They found that in 57 5 per cent of them ephednne 
relieved such sjTnptoms as nausea, headache, vertigo, dizziness, urti- 
cana, pruntus, pain, choking, coughing and repeated nitritoid crises 
Besides, ephednne reduced the fall of blood pressure from 28 to 6 
mm Hg 

c In leprosy The fact that epincphnnc relieves the nerve pains 
of lepers led Muir and Chattcrji to use ephednne for this purpose in 
13 cases Tliej found that ephednne docs not interfere with the 
simultaneous use of potassium iodide, and its action lasts for 12 to 24- 
hours In their opinion, tlie beneficial effect is probabl} due to con- 
traction of the arterioles of the nerve trunks, therebv reheving their 
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vascular engorgement They admit that in certain cases ephedrine 
does not give rehef Cochrane and Mittra reported 10 cases of leprosy 
in which the lepra reactions, such as nerve pain, joint pain, swelling and 
other manifestations, were controlled by ephedrine They consider it 
an extremely useful drug in relieving the distressing symptoms of 
lepra reactions The rehef is usually complete Ephedrine has no 
action on the temperature, nor does it reduce the eruptions which 
appear during reactions m skin cases According to these authors, the 
lepra reactions are allergic manifestations and ephedrine like epi- 
nephrine, is able to alleviate allergic conditions 

13 In dysmenorrhea 

/ 

Assuming that dysmenorrhea is due to local or general increase 
of parasympathetic activity, Lang used ephedrine m 30 cases of 
essential dysmenorrhea There was not only complete freedom from 
or diminution of pain, but also diminution of menstrual flow by one- 
half to one-third Ephedrine was given as soon as pain appeared, 
usually 2 to 3 times a day One patient experienced pain and a feeling 
of cold in the legs Palpitation and tremor were observed in other 
cases In one patient, repeated curettage did not produce any effect, 
but the use of ephedrine actually yielded good results 

VI ACTION OR SYNTHETIC EPHEDRINE AND COMPOUNDS OPTICALLY 
ISOMERIC WITH OR RELATED TO EPHEDRINE 

1 Synthetic or dl-ephedrine 

No sooner was the natural or /-ephedrine introduced to medical 
use than the synthetic or dZ-ephedrine became a subject of study It 
IS optically inactive and is marketed by Merck under the name of 
Ephetonm Kreitmair showed that qualitatively there is no difference 
between the action of natural and synthetic ephednnes Thus, 
it has a prolonged pressor action, antispasmodic action, detoxifying 
action against scopolamine or morphine, oxytocic action and effec- 
tiveness by mouth His results are m general confirmed by Chen and 
by Pak and Read, although the last two authors believe that the 
synthetic product is less sympathomimetic than the natural Coelho 
in chloralosed dogs observed with electrocardiograms the appearance of 
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extrasystolcs, changes in Q R S and alteration in T waves, block, and 
finally ventricular fibrillation, with various doses of synthetic ephe- 
drine As with the natural drug, Chen found relaxation of the isolated 
rabbit’s intestine, hyperglycemia in rabbits, mydriatic action in am- 
mals and in men, contraction of the nasal mucous membrane and acces- 
sory sinuses and a decrease followed by an increase of the kidney 
volume, with synthetic ephednne He also observed that there is a 
diminution or loss of pressor action if it is injected intravenously after 
a previous dose of itself or of natural ephednne 
In men, Hess, Petow and Wittkowcr, Saxl, Berger, Ebster and Heuer, 
and Nardelli reported a rise of systolic blood pressure by oral or rectal 
administration or subcutaneous injection of syntlietic ephednne 
Berger, Ebster and Heuer, and Nardelli noted a primary leucopenia 
and secondary leucocytosis following the subcutaneous injection of 
synthetic ephednne Lublin showed that the synthetic product, when 
given by mouth, like the natural, produces hyperglycemia and inhibits 
the conversion of carbohydrates into fat Canna\6 obtained similar 
results Euler and Liljestrand showed that synthetic ephednne in 
men increases the 0. consumption and the minute cardiac output 
Synthetic ephednne delays the emptiung time of the stomach and 
decreases the gastric acidity, as reported by TakScs Fonseca and 
Inncao state that oral administration diminishes but subcutaneous 
injection increases the gastric acidity 
Quantitatively, Kreitmair in his preliminary communication con- 
cluded that there was no difference between the natural and synthetic 
ephedrines Hess shared the same opinion for men by oral or rectal 
administration Petow and Wittkowcr, Saxl, and Berger, Ebster and 
Heuer, on the other hand, seem to agree that synthetic ephednne has a 
weaker pressor action in men Chen in 9 subjects found that the 
changes in blood pressure by the oral use of synthetic ephednne arc 
much less uniform than by that of natural ephednne Compared in- 
direct!} in pithed cats against epinephrine, the average ratio, as found 
by Clien, of the intensity of pressor action of synthetic ephednne to 
that of natural ephednne with optimal doses is 1 1 33 Curtis, 
using the same method, determined the ratio to be about 1 2 Schau- 
mann, and Launo} and Nicolle armed at the same conclusion Pak 
and Read, making direct comparisons in anesthetired dogs, gaac the 
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ratio of synthetic to natural ephedrine as 0 7 1 (or 1 1 43), which is 
close to the one obtained by Chen A quantitative difference can 
also be shown in their mydriatic action. Under controlled illumina- 
tion and with accurate measurements, Chen determined in Caucasians 
the average ratio of the mydriatic action of synthetic ephedrine to that 
of natural ephedrine to be 1 1 29. Regarding the toxicity, Kreitmair 
found it to be the same in mice either by intravenous injection or by 
oral administration Chen recorded that synthetic and natural ephe- 
drines, in the form of the hydrochlorides, given intravenously, both 
have a M L D of 60 mgm per kilogram in white rabbits Pak and 
Read state that synthetic ephedrine is less toxic than natural ephedrine 
in frogs, rats, rabbits and dogs , the reverse is true for hamsters King 
and Pak studied in anesthetized dogs the ratio of the shrinkage of the 
nasal mucous membrane produced by natural and synthetic ephe- 
drines, respectively, and determined it to be 1 0 8 
Chnically, sjmthetic ephedrine has been tried wherever natural 
ephedrine is indicated Petow and Wittkower treated 20 cases of 
bronchial asthma by oral use of synthetic ephedrine Their results 
showed that in 12 cases the synthetic product rendered daily mj’ections 
of epinephrine and asthmolysin unnecessary, in 5 it effected transient 
improvement without preventing severe attacks, but in the remaining 
three there was no response to the drug Fischer treated 1 1 asthmat- 
ics with synthetic ephedrine and recorded improvement in 10 Ber- 
ger and Ebster in an elaborate investigation recorded unquestionable 
benefit from synthetic ephedrine in 10 cases of asthma and less signifi- 
cant results in 2 severe cases of the same ailment Neustadt studied 
22 cases of bronchial asthma with synthetic ephedrine, and obtained 
good results in 16 Segard treated 70 cases of asthma with the same 
drug and reported rehef in 60 per cent, temporary or irregular improve- 
ment in 30 per cent, but no effect m 10 per cent Gay and Herman 
(cited by Chen) used synthetic ephedrine in 16 cases of bronchial 
asthma, recorded relief m 7, questionable rehef in 1, and no relief m 8 
Favorable results in the treatment of asthma with the synthetic com- 
pound have also been reported by Jankowski, Beck, Guttmann, and 
Hemming The majority of these investigators appear to agree that 
synthetic ephedrine is useful, like the natural product, in the preven- 
tion and arrest of mild and moderate attacks of asthma but less promis- 
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ing m severe cases, and that it has a weaker action but produces less 
untoward symptoms than natural ephednne The dosage of synthetic 
ephedrine varies according to individual tolerance, but the average 
dose lies between 25 and ISO mgm per os 
Saxl treated 11 cases of emphysema with synthetic ephedrine, and 
reported success in 8 but no effect in 3 Sunilar improvement was 
observed by Berger and Ebster in 3 cases of chronic bronchitis with 
emphysema, chronic bronchitis and bronchitis associated with pul- 
monary tuberculosis In hay fever Berger and Ebster, Kreitmair and 
Nardelh advocated the oral use and local application ol synthetic 
ephednne Berger and Ebster observed relief of headaches in one 
case of hemicrania w ith angioneurotic oedema, but no effect m a case of 
chronicurticaria Improvement of s)Tnptoms was reported by Frankel 
in a severe case of urticana, by Sack in 20 cases of eczema, and by 
Nardelh in three cases of alimentary urticaria and two cases of 
arsphcnamine intolerance Michalowsky was successful in relieving 
malaise from roentgenological treatment, Poppe in controlling the 
untoward symptoms of withdrawal of morphine m two addicts, and 
Parade and Voit in arresting the attacks in a single case of Adams- 
Stokes’ syndrome In practically every instance, s>Tithctic ephednne 
w as given by mouth For acute infectious rhinitis, Berger and Ebster 
used a 5 per cent solution of synthetic ephednne as a spray Slack 
(cited by Chen) found thatin4casesofhypertrophied turbinates and 
3 cases of acute rhinitis, a topical application of the 5 per cent solution 
produces a marked contraction of the turbinates In a few other 
cases of swollen turbinates, where natural and synthetic ephednne 
V ere used side by side m the same individuals, he was unable to 
detect any significant difference between their constricting power 
Trankcl described a case of vasomotor rhinitis in an opera singer, with 
symptoms of sneezing, running of the eyes and dyspnea which were 
controlled by the oral administration of synthetic ephednne Sattlc 
advocated the use of synthetic ephednne in ophthalmology Ac- 
cording to him, a solution containing 5 per cent of sj nthctic ephednne 
and 0 3 per cent of homatropinc produces good dilatation of the pupil 

2 Pscudoeplicdniie 

daxtro rotatory mdj^oLfamedfrom 
ding the onrs yielding natural or /- 


The natural pseudoephednne 

several species of Ephedra, me 
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ephedrme The mydriatic action of pseudoephedrine was first studied 
by De Vriesse (1889). He observed that a 10 to 12 per cent solution 
when applied locally to the eye of men produces, in from 30 to 35 min- 
utes, mydriasis which lasts from 6 to 9 hours There are no secondary 
effects after a single instillation, nor after its prolonged use, and no 
changes in intra-ocular pressure Gunsburg (1891) in an extensive 
study on animals and 120 patients presented evidence that the mydria- 
sis produced by pseudoephedrine is caused by sympathetic stimulation 
Grahe (1895) observed a shght rise of blood pressure in curarized cats 
after subcutaneous injection of the drug, and depression, block, 
arrhythmia and stoppage of the frog’s heart at diastole, following the 
administration of pseudoephedrine Fujii (1925) made a compara- 
tive investigation of pseudoephedrine with ephedrme He reported 
that pseudoephedrine has a weaker pressor action in rabbits and a 
weaker mydriatic action on the enucleated frog’s eye It dilates the 
blood vessels in small doses but constricts them in large concentra- 
tions, as shown by the perfusion of the frog’s legs and the rabbit’s ear 
Similarly, it relaxes the isolated rabbit’s small intestines in small 
concentrations but stimulates them in strong solutions It contracts 
the isolated rabbit’s uterus in all concentrations On the basis of these 
data, Fujii concluded that pseudoephedrine, hke ephedrine, stimulates 
the sympathetic nerve endings but, unlike ephedrine, acts on smooth 
muscles directly in small doses The same view is held by Pak and 
Read and by Chopra, Dikshit and PiUai Chen made a similar com- 
parative study, and reported that pseudoephedrine has a weaker pres- 
sor action in dogs and m men, and a weaker mydriatic action in men 
Vasodilatation in frogs and toads was reported by Loo and Read 
Upon perfusion of the toad’s heart, pseudo ephednne m the concentra- 
tion of 1 20,000 causes a decrease in rate but an increase m amplitude 
Larger concentrations (1 200) produce cessation of cardiac activity, as 
shown by these workers Pak and Read found that ergotoxme does 
not invert, but cocaine abohshes, the pressor action of pseudoephe- 
drme Liljestrand observed that pseudoephedrine contracts the 
isolated gmnea pig’s uterus and human uterus and that it has a 
stimulating action on the fundus of the rabbit’s urinary bladder 
but no effect on the trigone 

Quantitatively, Chen, Wu and Hennksen recently compared indi- 
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rectl> in pithed cats the pressor action of pseudoephednne and ephe- 
drine, and found the average ratio of the intensity to be 1 5 17, that 
IS, ephedrme is about 5 times as strong as pseudoephednne Pak and 
Read, by direct comparison in anesthetized dogs, concluded that 
cphednne is tuice as strong as pseudoephednne Their method is 
subject to cntiasm, as shomi by Pittenger King and Pak compared 
the shnnkage of the nasal mucous membrane in anesthetized dogs u ith 
ephedrme and pseudoephednne and found the ratio to be 1 0 38 The 
toxiaty was compared by Fujii who found that pseudoephednne is 
less toinc in frogs but more toxic in mice In white rabbits the 
M L D of pseudoephednne hydrochloride is 75 mgm and that of 
ephedrme hydrochloride is 60 mgm per kilogram of body weight, as 
shown by Chen, Wu and Hennksen Pak and Read reported that 
pseudoephednne is less toxic than ephedrme in frogs, rats, rabbits 
and dogs, the reverse is true in hamsters 
Clinically, How ard and Lee tried out a 10 per cent solution of pseu- 
doephedrme m their eye clinic and concluded that it is an uncertain 
mydriatic and has no place in the treatment and examination of oph- 
thalmic diseases Since its action is much weaker than that of either 
natural or synthetic ephedrme, it is not used m this branch of medicine, 
although It has been advocated by Chopra, Dikshit and Pillai on the 
basis of their experimental results 

J Oilier optical isomers of cphcdrinc 
Krcitmair showed that <f-ephednne is weaker in pressor action than 
I epliednnc This has been conSrmed by Chen, Schaumann, and 
Launoy and Nicolle Recently, Chen, Wu and Hennksen compared 
the pharmacological activity of the si\ optical isomers of cphednne, 
courteously supplied by E ^Icrck of Darmstadt and ^lerck and Co , 
Rahway, N J The results arc summarized in table 4 It will be 
seen that the mydnatic action of /-ephedrme and d-pscudocphedrine is 
greater than that of d cphednne and /-pseudoephednne, respcctuely 
Wien indirectly compared for pressor action in pithed cats with epi- 
nephnne, / cphednne is found to be about 3 tunes as strong as d- 
cphedrine, and d-pscudoephednne 7 times as strong as /-pstudoephe- 
drine /-Ephedrme, the strongest isomer, is 35 times as powerful as 
/ pscudotiihedrinc, the weakest isomer of the six When given by 
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mouth to men m the same quantity, i-ephedrine and /-pseudoephedrine 
do not appear to raise the systolic blood pressure while the other four 
isomers do Of the two sets of isomers ^^-ephedrine and /-pseudo- 
ephedrine have the least toxicity 


TABLE 4 

Pharmacological actmiy of the optical isomers of ephedrine 


EPHEDRINE ISOMER 

UYDEIASIS j 

ratio op pressor I 

ACTION IN ANnULS | 

PRESSOR ACTION IN j 
MEN PEE OS 1 

M I. D IN WHITE 
RABBITS 

1- 

+ + + + + 

35 15 

+ 

msm icr kem 

60 

dl- 

+ + + + + 

26 40 

+ 

60 

d- 

+ + + 

11 90 

— 

80 

rf-PseudO' 

+ + + + 

6 80 

+ 

75 

d/-Pseudo 

+ + + 

4 00 


70 

/-Pseudo 

+ 

1 00 

— 

80 


4 Compounds related to ephedi me 

It has been shown that /S-phenylethylamine, CsHs-CHz CHj NHz, 
has a stronger pressor action than ephedrme (Chen, Alles) but is useless 
when given by mouth The M L D of the hydrochloride of /3- 
phenylethylammein white rabbits, given subcutaneously, is 300 mgm 
per kilogram of body weight 

Phenylethanolamine, CsHb CHOH CH 2 -NH 2 , was first synthe- 
sized by Kolshorn (Ber deut chem Gesell , 1904, xxxvii, 2474), 
later by Rosenmund (Ber deut chem GeseU , 1913, xlvi, 1034), 
and Mannich and Thiele (Arch Pharm , 1915, cclm, 181), and is cov- 
ered by two German patents (D R P 193,631 and D R P 244,321). 
The pressor action of this compound was described by Barger and 
Dale (Jour Phys , 1910-11, xli, 19) and by Hirose Alles recently 
found that it has a blood pressure effect in rabbits that is initially 
greater than and finally comparable with that of ephedrme, and alower 
toxicity in guinea pigs by subcutaneous injection The same, author 
states that its toxicity is higher than that of ephedrme in ralabits by 
intravenous injection, while Chen, Wu and Henriksen reported the 
reverse in white rabbits Tainter behev® that the action of phenyl- 
.ethanolamine is on the smooth muscles directly. Miller and Piness 
showed that this compound, does not raise the blood pressure in men 
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when taken by mouth and is useless in the treatment of astlima, but 
Its activity on the congested nasal mucous membrane is in every 
respect comparable to that of ephednne Their results are in general 
confirmed by Chen, Wu and Henriksen 
Nor-ephednne, CtHj CHOH CHCHj NH., was obtained in a 
racemic form by Rabe and Hallenslcben (Ber deut chem Gescll , 
1910, \liii, 2622), Calhess, Nagai, and Eberhard (Arch Pharm , 1917, 
cclv, 140) Nagai patented his product under the name of Mydna- 
Ohc in the United States (U S Pat 1,356,877) and in Japan (Jap Pat 
27,056) Miura found that tlus compound {mydnahne) has a strong 
mjdnatic action in men The pupil begins to dilate in 20 to 30 min- 
utes and the mydriasis lasts for 24 to 36 hours The accommodation 
IS not impaired Hirose first observed its pressor action in animals 
Amatsu and Kubota concluded that its action is quantitative!}’ the 
same as that of ephednne Their data show that the M L D of 
mydnahne sulphate, given subcutaneously, is 0 4-0 5 mgm per gram 
in frogs, and 400 to 500 mgm per kilogram in rabbits Chen, Wu and 
Hennksen conclude from their study of ephednne homologs and 
isomers that primary amines arc more pow erful than their correspond- 
ing methylated dernatives, and predicted that nor-ephednne would 
be stronger than rff-ephednne This has been found to be true The 
compound also raises the systolic blood pressure in men when given 
b} mouth in 50 mgm dosage ItsMLD intravcnouslj in albino 
rabbits is approvimately 70 mgm per kilogram of body weight 
Kanao succeeded in resolving the racemic mixtures of nor-ephednne 
into SIX optical isomers According to Hirosc (cited by Kanao), the 
order of activitj of these optical isomers is as follows 

pseudoephedrinc > nor-<f/-cphcdrmc = nor-/-q>hednne 
Nor-rf-ephednne < nor*/-cphednnc 
Nor-d pseudoephednne > nor I pseudoephedrme < nor*/-cphedrmc 

Nor-d-paemloephedrinc also occurs m ^la Huang, as shown b> Smith, 
and confirmed by Nagai and Kanao Chen, Wu and Henriksen 
reported that nor-d pseudoephednne has a weaker action than I- or dl- 
ephednne, but a stronger action than <f-pscudoephedrine It raises 
the sjstohc blood pressure in men w hen gi\cn by mouth 
Tiffeneau, and Tiffeneau, LC\> and Boyer sxnthesircd three com- 
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pounds of the general formula CgHb CHOH CHR NHj, where R is 
ethyl, propyl or phenyl The ethyl compound, CbHb CHOH - 
CHC2H5 NH2, called nor-homoephedrine, has a prolonged pressor 
action and a M L D of 130 mgm per kilogram in guinea pigs by 
subcutaneous injection, and inhibits the movements of the isolated 
dog’s intestines, as shown by Tiffeneau Its pressor action is weaker 
than that of ephedrme (Chen, Wu and Hennksen) The propyl and 
phenyl derivatives have a depressor action, as reported by Tiffeneau, 
Levy and Boyer 

Hyde, Browning and Adams synthesized a series of compounds of 
the general formula CeHs CHOH CHR' NHR", where R' is hydro- 
gen, methyl, or ^z-propyl, and R" is methyl, ethyl, ii-propyl, jso- 
propyl, ?i-butyl or w-amyl Most of these substances, including two 
prepared by Manske — in which R' is methyl and R" is oxyethyl or 
benzyl — were studied pharmacologically and compared with ephedrme 
by Chen, Wu and Hennksen They are weaker than ephedrme The 
general conclusion drawn by these workers was that with increase in 
the number of C-atoms in R' and R" the cardiac depressant action 
increases, the toxicity rises and the pressor action becomes a depressor 
action when R' or R" is equal to a propyl or higher alkyl group 

Ranao prepared a similar senes of compounds of the general foimula 
CbHb CHOH CHCHs-NHR, where R is ethyl, we-amyl, heptyl, 
benzyl, o-hydroxybenzyl, o-vanillyl, vanillyl, piperonyl, m,p-dihy- 
droxybenzyl, furfuryl or citryl He states that the hydrochloride of 
the citryl derivative has a strong local anesthetic action 

1 -Methylephednne, a tertiary amine isolated from Ma Huang by 
Smith, was proved to be much less active than ephedrme, a secondary 
amine, by Chen, Wu and Hennksen The same conclusion was 
reached by Curtis with a series of tertiary amines related to ephedrme 
of the general formula CeHs CHOH CHCH3 NR'R", where R' is 
methyl or ethyl, and R" is methyl, ethyl, oxyethyl, «-propyl, t-so- 
propyl or butyl Some of these compounds, however, produce dilata- 
tion of the bronchi equal to that of ephediine The tertiary amine of 
the formula CeHs CHOH CHC2H5 N(C4H3)2, prepared by Hyde, 
Brownmg and Adams, has a depressor action, as shown by Chen, 
Wu and Henriksen 

Nagai synthesized the following two substances with the idea that 
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they might possess the anesthetic property of cocaine and the styptic 
action of epinephrine 

CtHi CH CHCHj NCCiH,), C,H. CH CHCH, NHCiH, 

I I 

O CO C.H. O CO CeHi 

Aliocain A Alhcam S 

His process has been patented in Canada (Can Pat 177,019), Japan 
(Jap Pat 32,476) and the United States (U S Pat 1,399,312) 
Kubota studied aliocain S and found it to have a local anesthetic 
property but that it produces a primary fall of blood pressure in 
animals The substance causes local irritation and necrosis so that its 
clinical use does not seem justifiable 
Beaufour prepared a methoxymethylephedrine, CtHs CHOH CH- 
(CHi OCHj) N(CH 3 )j, and found It to have a local anesthetic action 
Brauchli and Cloetta reported that diallylephcdnne, CtHs CH- 
(OC 5 H 5 ) CHCHj NCH3(CjH5 ), has a depressor action 
Emde and Runne synthesized «-isoephednne, CjHj CHlsfHCHj - 
CHOH CHj This compound is of interest because cphedrine for 
some time was considered to have the same structural formula 
Dulifere made synthetically several ethers of phenjlpropanolamine, 
and studied their pharmacological action 
Tyramine, HO<; )CH. CH, NH,, was proven to have a stronger 
pressor action than ephedrine but to be useless when given by mouth 
in men, as shown by Chen and Meek Syntpalol, HO<( [ ^ CHOH - 
CHNHCH,, which has recently been studied as a possible substitute 
for ephedrine by Ehnsmann, Lasch, and Ehrismann and Maloff, has, 
on the other hand, a w cakcr pressor action than ephednne, as obser\ td 
by Chen, Wu and Hcnnksen In view of the fact that the presence of 
an OH group at the />-position usually intensifies the action, and the 
introduction of 1 methjl group on the a C-atom from the N-atom 
prolongs the action, Chen, Wu and Hcnnksen suggested the synthesis 
of the compound HO<f^CHOH CIICH, NH-. which was soon 
aduc\cd by Hartung of Sharp and Dolimc, Baltimore It has in 
fact a prolonged and stronger pressor action, and is much less touc, 
than either dl- or I cpliednnc in animals, but it has not been demon- 
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stiated that it produces systemic effects when given by mouth in men 
Further study is needed here 

Tiffeneau, Levy and Boyer synthesized _^-methoxy-norhomoephe- 
drme, CHsO^ ^ ^ CHOH CHC2H5 NH2, and found it to possess a 
greater pressor action than nor-homoephedrme Kohler prepared p- 
methoxyephedrine, CH30< (^ ^ CHOH CHCH3 NHCH3, and m- 

methoxy-j^-oxyephedrme, ^CHOH CHCH3 NHCH3, and 

CH3O 

found them to have no pressor action in rabbits ' - 

It IS universally agreed that epinephrine HO<\| ^CHOH CHj*- 

HO 

NHCHs, has a strong but fleeting action, while ephedrme has a 
weaker but more prolonged action The latter produces systemic 
effects when given by mouth o-Dihydroxyphenylethanolamme, 

HO<(^ ^CHOH'CHo NH 2 , also has a stronger pressor action than 
HO 

ephedrine, as shown by Hirose 

The compound HO< ^ ^ CHOH CHCH3 NH2, is mentioned 'm 
HO 

the German patent literature (D R P 254,438, 256,750, 269,327) 
and has been studied pharmacologically by Tiffeneau (1920) The 
latter found that an Lisomer resolved from its racemic mixture has 60 
to 75 per cent of the activity of 7-epinephrme, but he did not study the 
duration of its action nor its absorption from the gastrointestinal tract 
It seems desirable to compare its action with that of ephedrme 
Kanao recently synthesized three series of compounds having the 
general formulae 


CH 2 NHR 1 

CHOH CH 2 NHR2 

CHOH CHCHs NHR» 

A 


A 



OH 

^0 COCH, 

v^O COCHa 

OH 

0 COCH 3 

0 COCHa 


where R^ is methyl, ethyl or propyl, R^ is methyl, heptyl, benzyl, 
piperonyl, diacetoxybenzyl, acetovanillyl or furfurylandR^ is methyl. 
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heptyl, benzyl or diacetoxybenzyl The physiological activity of these 
substances has not been reported 

From the above account it appears that there is no difficultj in 
synthesizing compounds related to ephedrine that are stronger 
pharmacologically in animals, especially by making primary amines 
and introducmg 1 or 2 OH groups on the benzene ring A prolonged 
action may also be imparted to them by introducing a methyl group 
on the a-C-atom from the N-atom The absorbability from the 
gastrointestinal tract seems to be a peculiar feature of ephedrine, and 
this has made ephedrine particularly useful clinically because the drug 
can be given by mouth Among the synthetic compounds, (//-ephe- 
drine and (//-norephedrine resemble natural ephednne most closely 
and deserve a clinical tnal Some other compounds have a strong 
contracting power on the congested nasal mucous membrane m men, 
and a comparative study may yield profitable results 

Vn SDMMARA 

The following very brief summary is made from the practical point 
of view 

1 Ephedrine is the chief active pnnciple occurnng in the Asiatic 
species of Ephedra The other constituents that are present in 
the Chinese speaes arc pseudoephcdrinc, nor-(/-pseudoephednne, 
/-meth 3 ’lephednne, and (/-methylpscudoephedrine 

2 Ephedrine is a stable compound Its solutions are not decom- 
posed on exposure to air, ligh t or heat, or by long standing 

3 Ephednne has been successfully sjmthcsized by \ arious methods 

4 In mammals, ephednne in suitable doses raises the blood pressure, 
increases cardiac activitj', dilates the pupil, relieves broncho-spasm, 
contracts the uterus, more frequcntlj inhibits than stimulates the 
gastrointestinal tract These effects can be explained bj' the stimu- 
lation of the myoneural junctions of the sympathetic fibers In cer- 
tain instances, there is an additional stimulation of the ganglia It 
has been claimed bj some in\ cstigators that it acts on the smooth 
muscles 

5 In animals, ephednne does not has e a marked effect on an> of the 
bodj secretions 
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6. There is an increase in the formed elements of the blood and 
hyperglycemia, following the administration of a suitable quantity of 
ephedrine 

7. Ephedrine increases slightly the basal metabohc rate and the 
oxygen consumption. 

8. Ephedrine may stimulate the central nervous system. 

9. Ephedrine is easily absorbed and has a low toxiaty. 

10. In clinical use, ephedrine can be applied locally and given 
by mouth or by injection Individuals who do not have a vago- 
s 3 Tnpathetic equihbrium may experience untoward symptoms 

11. Ephedrine has been used with success in the treatment of bron- 
chial asthma, hay fever, whooping cough, bronchitis, postural hypo- 
tension and Adams-Stokes’ s 3 mdrome, in combating the fall of blood 
pressure in spinal anesthesia, in antagomzing the action of narcotic 
drugs, in shrinking the congested nasal mucous membrane, and in 
dilating the pupil for ophthalmic examination Its value in dermatol- 
ogy, shock and dysmenorrhea is promising 

12 Compared with epinephrine, ephednne has a less intense but 
more prolonged action 

13 Of the many sjmthetic compounds, <f/-ephedrine and dl-nor- 
ephedrine deserve more extensive chnical tnals 

This review is intended to be as concise as possible Naturally 
the authors could not discuss many valuable papers as fully as they 
desired The literature consists of all those articles available on or 
before November 1, 1929. 
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HISTORY 

The existence of a pecuhar substance m gall stones which from its 
general behaviour towards solvents was regarded as being of a fatty- 
nature was noted by Conradi (83) in 1775 The discovery of what is 
known as cholesterol is, however, attributed to PouUetier de la Salle, 
who extracted it from biliary calculi in 1758 (277) (124) Fourcroy 
(126) verified his data and in addition isolated an oily material from a 
slowly decomposing hver which from its chemical and physical be- 
haviour he classed with spermaceti and identified with the substance 
previousl}'- found in bihary calculi (125) There seems to be no doubt 
that the matenal extracted by Thouret (344) in 1786 from the brains 
of cadavers exhumated in the Cimehere des Innocens and classed with 
spermaceti was cholesterol (127) Fourcroy called aU the fatty 
compounds ''matiere adipocireuse” or adipocere, but he distinguished 
clearly between fat in general and cholesterol which he called “adipo- 
cire cristallisable ” 

At this time the theory was formulated that the spermaceti like 
compound existed in the animal economy and that it was separated 
from the brain, then deposited in the canaliculi of the hver from which 
it was excreted (344) Fourcroy added that it might be a product of 
slow decomposition (125) 

PouUetier de la SaUe’s and Fourcroy’s observations were amply 
verified, but much confusion existed m the literature because of the 
nomenclature as many authors failed to distinguish whether the adi- 
pocere was crystallizable or not Chevreul (78) in 1814 estabhshed 
its true nature as a nonsaponifiable fat-like body, distinct from other 
forms of “adipocire” and spermaceti He named it cholesterine (79) 
from the Greek xoX^ {bile) and avepeos {soltd), the name which has 
been used ever since Subsequently cholesterol was reidentified in 
bihary calcuh (71) and in many parts of the body This early work 
has been admirably reviewed by Robin and Verdeil m 1853 (297) 



CHOLESTEEOL METABOLISM IN HEALTH AND ANEMDI 121 


The presence of cholesterol in the blood Mas indicated by Denis 
(91) in 1830 and definitely demonstrated by Boudet (61) (62) in 1833 
Quantitative determinations of the cholesterol in the blood in health 
and disease w ere published m 1844 by Becquerel and Rodicr (38) 

The presence of cholesterol in various tissues and fluids rvas estab- 
lished by this early work Very little ivas known about its physiol- 
ogy The theory of the early investigators was accepted in the mid- 
dle of the nineteenth century (68) (89) (201) hlialhc (243), however, 
thought that cholesterol might be formed from albuminous matenals, 
and that because of its chemical inertia it was not destroyed in the 
body It was excreted through the bile because of its insolubility in 
other body fluids 

Some support for the early theory about cholesterol metabolism 
(344) (68) (89) was given experimentally bj Flint (122) in 1862, who 
demonstrated that the blood passing through the brain of dogs gained 
23 per cent of its cholesterol and lost practically the same amount in 
passing through the liver He also showed that the cliolestcrol ex- 
creted m the bile was changed to a substance in the intestine similar 
in some respects, yet totally different from cholesterol, which he 
called sicreonue He also established the absence of sterconne in the 
feces in obstructive jaundice and the return of this substance when the 
stools became normal in color 

With the discovery of a cholesterol-like body in the xegetable cell 
by Beneke in 1862 (40) and its differentiation by Hesse (159) in 1878, 
who named it phytostenn, the universal occurrence of cholestenn or 
Its isomers both in the animal and vegetable kingdom was indicated 
The progress made in the knowledge of cholesterol from the chemical, 
physical and biological points of view at the end of the nineteenth 
century was reviewed by hloorc (247) m 1907 

SCOPE or p^iPFR 

Certain aspects of the more recent research hav e a distinct bcanng 
on the cholesterol metabolism of man m health and disease Promi- 
nent among these arc the relation of cholesterol in the food to the 
amount m the blood, tissues and bile, the question of cholesterol syn- 
thesis and destruction, the relation of organs and cells to tlic metab- 
olism of cho'estcrol, and Us possible endocrine regulation In addi- 
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tion the relation of cholesterol to blood formation and blood destruc- 
tion and to anemia has been included, since the organs participating in 
the cholesterol metabohsm, as far as is known, are intimately related 
to the hematopoietic organs 

The numerous methods for determimng cholesterol and the no rma l 
blood cholesterol figures for man and the lower animals were recently 
reviewed by Weidman and Sunderman (355) The “normal” quan- 
tity in the blood vanes to a certam extent with the method used and 
therefore in evaluating the data in the literature the standard set by 
each individual author has been used for companson 

THE RELATION OE BLOOD CHOLESTEROL TO FOOD AND NUTRITION 

With the discovery of cholesterol isomers in the plants (40) (159) 
the importance of the relation between food cholesterol and the cho- 
lesterol content of the animal organism became evident 

Many investigations have been imdertaken to establish whether 
speaal types of food or withdrawal of food might influence the quan- 
tity of the cholesterol m the blood This would furmsh a simple 
explanation for the variations in disease especially when alimentation 
is disturbed Most observers agree with Klem (180) and Mueller 
(249) that cholesterol is readily absorbed from the ahmentary tract 
when smtably dissolved Lander (197) emphasizes the abihty of the 
rat to pick out and conserve cholesterol from a diet exceedmgly low in 
cholesterol content 


Experimental evidence 

High cholesterol or fat diet To establish a relation of the cholesterol 
content in the blood to mgestion of cholesterol was attempted in 1892 by 
Jankau (169), in rabbits and dogs He was unable to demonstrate an m- 
crease in the blood Since that tune vanous mvestigators have shown 
(248) (278) (347) (210) (36) (90) that if cholesterol, or cholesterol esters 
and oil are fed to rabbits there is an increase of cholesterol in the systemic 
circulation The same has been found in cats (135), dogs (148) (309) (17) 
and goats (219). Oil alone does not produce an increase of cholesterol in 
rabbits (248), while foods rich in cholesterol will mduce hypercholesteremia 
as has been demonstrated by feedmg egg yolk (168), and soy bean (162) 
Moehlig and Ainslee (246), however, found that the cholesterol content of 
rabbits was not altered appreciably by ordinary feedmgs Lehman (202) 
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led 0 3 gram of cholesterol to rabbits and obtained a decrease the first 8 
hours follow ed b> an increase averaging 20 per cent in 24 hours 
Arndt (17) found no increase of the blood cholesterol in dogs fed cho- 
lesterol, while others report a slight hjiiercholesteremia (11) (328) Leites 
(203) obtained an increase after the administration of ohve oil, which Amdt 
(17) was unable to confirm Foods rich in cholesterol mcreased the blood 
cholesterol in dogs slightly (98) (148) (339) (116) This increase was not 
usually large, however, averaging 9 mgs per 100 cc of blood in one series of 
11 dogs (339), while Grigaut and L’HuiUier (148) reported that after a pro- 
gressive increase to a maximum, the blood cholesterol fell in spiteofahigh 
cholesterol diet Bloor (52) found very small variations m cholesterol 
within 8 hours after food in dogs, while Knudson (185)^ feedmg a high fat 
diet, could not demonstrate any increase m 24 hours This was later \ eri- 
Ced by Hiller, Lmder, Lungsgaard and van Slyke (160) ' 

Lorji cholesterol diet If food nch in cholesterol produces hvpercholes- 
teremia in rabbits and occasionally in dogs, one w ould expect the converse to 
be true Only traces of cholesterol were found m the blood of rabbits fed 
for 20 days on a cholesterol free diet (98) (132), while a marked increase 
occurred when they were fed the same diet v’ ith the addition of cholesterol 
A high carbohydrate diet caused a slight decrease of tlie blood cholesterol 
inrabbits(2U)anddogs(17) Stepp(331)tedtwo dogs on extracted diets 
and found a decrease in one dog while the other show ed no decrease of the 
cholesterol in the blood 


Cltmcal evidence 

High cholesterol or fat diet The reports of the influence of food on 
the cholesterol level in the blood of man arc contradictory 

Conditions of moderate or slight Jijpcrcholestercmia have been 
brought about in man bv feedmg large amounts of food nch in fat 
and cholesterol (155) (208) (106) (360) (30) (294) Luden (220) 
demonstrated that eggs, butter and meat were espeaallv cffectiv'e, 
but that under ordinary circumstances the cliange was not ven great 
Orlow ski (268) observed a decrease of cholesterol in the blood of 3 men 
after 3 day s of starv ation, w hilc 3 days’ feeding w ith bread caused an 
increase, whicli was augmented during a 3 dav penod of feeding witli 
fatty' foods in two, and still further augmented when to tlie fatty food 
1 gram of cholesterol was added One of the subjects who did not 
show an increase was unable to cat the fatty food Dhrger and Habs 
(64), and Amdt (17) feeding an oily solution of cholesterol or of cholcs- 
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terol esters to normal individuals invanably found that it was fol- 
lowed by an increase both of the cholesterol and the fat content of the 
blood Recently, McClure and Huntsinger (230) studying the mflu- 
ence on blood hpoids in man of single food-stufis demonstrated that 
after ingestion of all kinds of food the cholesterol curve was modified 
Oleic acid and olive oil caused the greatest increase, dextrose next, and 
eggwhite the least With a fat free meal there was a temporary rise 
only Their findings indicate that the cholesterol concentration of 
the blood is modified by absorption In examining their figures it is 
seen that the increase is comparatively small, the maximal rise amount- 
ing to 20 mgm per 100 cc with oleic acid 

In contrast to tins, Rou^aud and Cabanis (313) found a very slight 
increase m the blood of only 1 out of 11 healthy young people, four to 
five hours after the ingestion of a meal consisting of soup, bread, meat, 
peas, two eggs, and wine Denis (92) could not demonstrate any 
change 3 hours after a breakfast of 4 eggs, 200 grams of mutton, 50 
grams of bacon, and i pint of cream, bread, butter and coffee This 
has been verified by Campbell (65) Bhx (49) states that cholesterol 
is not changed after a fat meal, only the neutral fat The same was 
reported by Hiller, Linder, Lundsgaard, and van Slyke (160), and 
Broun, Pelkan and Riggs (63) m pernicious anemia and other patho- 
logical conditions, as well as m normal individuals 

Ssokoloff (328) found no rise of the cholesterol in the blood of 2 men 
given 3 grams of cholesterol In two cases of liver cirrhosis, introduc- 
tion of cholesterol by mouth caused hypercholesteremia, while m 
normal man and various pathological conditions these amounts of 
cholesterol did not cause an increase in the blood He suggests that 
the hypercholesteremia in liver arrhosis may be due to injury of the 
liver which ehminates cholesterol He considers that the opinion that 
hypercholesteremia is due to alimentary sources without influence 
of other factors is not tenable 

Hubbard (163) in a subject obtained the same cholesterol content 
of the blood before and after a penod of high fat and a low fat diet 
Strathmann-Herweg (334) was unable to demonstrate any difference 
in the blood cholesterol of infants during a six-week penod on breast 
milk, or artificial milk with more or less fat Chauffard, Laroche and 
Grigaut (75) also conclude that under normal conditions of ahmenta- 



CHOLESTEROI. METABOLISil IN HEALTH AND ANEULV 


125 


tjon there is no increase in cholesterol in blood after meals and that 
the normal equilibrium of the lipoids is not easily upset There seems 
to be a tendency towards constant values for the lipoids m the blood 
(57) (203) (95) (62) except ivhen excessive amounts of fat are shifted 
(57) It must be borne in mind, however, that considerable variations 
may be found betvecn animals vithm the same species (203) (340) 
and that as a rule comparison between animals is not justifiable 
Gardner and Gainsborough (138), determining the cliolesterol in 
normal human beings, came to the conclusion that they differ widely 
in total cholesterol and that these variations could scarcelv be due to 
direct absorption of cholesterol from the food into the blood plasma 
They calculated that sex era! hours after a light meal as breakfast w ith 
an assumed cholesterol content of 0 IS gram, even if the entire amount 
found Its way into the blood stream, this would increase the amount 
of cholesterol in an individual with 6 liters of blood only 0 00025 per 
cent, a figure well within the limits of experimental error 
Loiii cliolcsicrol did Attempts to decrease the blood cholesterol in 
man by dietarj procedures have been reported Luden (220) demon- 
strated that on a simple diet consisting mainly of milk, bread, lettuce 
and jam there was a definite decrease of cholesterol m 3 da>s and on 
an exclusn e meat diet a marked increase of about 100 per cent m 7 
daj's, while on a vegetable diet it fell again In tlus connection it is 
of interest that studies on the normal cholesterol metabolism in man 
in the Dutch Indies (198) show cholesterol values in the blood far be- 
low those obtained m countries where animal products constitute a 
great part of the diet This is not considered as a racial cliaractenstic 
but due to dietarj habits Rosenthal and Patrzek (301) in under- 
nourishment of the war found a hjpocholesleremia after a long time, 
while Strathmann-IIcrweg (334) obtained normal values in undcr- 
nounshed children with an exudatixc diathesis, and in rachitic chil- 
dren hfo correlation could be established between nutation and 
cholesterol, nor did tlie children fed cod fixer oil show anj difference 
On the other hand, Amoldi and Collazo (18) and Luden (221) found 
low xalues in obese people This xxas not confirmctl bj Dpstem and 
Lande (112) reporting a cingle obserxalion Koning (ISS), examin- 
ing people xxnth ox erw eight suffering from x'anous diseases, found hx- 
pcrcholestcremia in all of them 
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CJiolesterol tn imdermitriiion 

Undemutrition as a cause for low blood cbolesterol has been advo- 
cated (225) (268) Strauss and Schubardt (335) claim that mamtion 
interferes with absorption from the intestine and that this lack of 
absorption may cause a lowered blood cholesterol Rothschild and 
\Wensky (311), outlimng the factors influencing the blood cholesterol, 
consider a diet poor in lipoids as one of them Asada (23) foimd that 
in rats with shortage of food normally constituted, the fat decreased 
and the cholesterol mcreased, but that on a vitamin free diet the fat 
and cholesterol varied together, both being spared as long as carbohy- 
drates were available That food is an important factor m the main- 
tenance of the cholesterol level of the blood was concluded by Small 
(324), while Rothschild and Rosenthal (310) claim that h 5 ^ercholes- 
teremia can be controlled by food However' a decrease of the choles- 
teremia of nephritis was not obtained with a fat free diet (44) (276). 
Pribram (282) states that it is ditflcult to keep the blood cholesterol 
low with food because of the use of the tissues 

Cholesterol in staroahon 

The intake of food is not the only factor controlling the cholesterol 
content of the blood Hurthle (166) foimd higher cholesterol values 
in starving dogs, than when they were fed horsemeat Hypercholes- 
teremia has also been demonstrated m starvmg cats (135), and rab- 
bits (308) Arndt (17) obtained a variable result in starving dogs, 
and he concluded that fat dogs may have hypercholesteremia while 
lean dogs show hypocholesteremia Terroine (339) and Orlowski 
(268) noted a decrease after starvation m most dogs The cholesterol 
decreased progressively less after longer starvation, the body attempt- 
ing to retain the cholesterol (268). 

Arndt (17), stannng for 3| days, had hypercholesteremia Lennox 
(209) found in 3 patients a steady increase in one during an 11 day 
fast, while the other two showed lower values during the penod of 
starvation than before or after Shope (321) ob tamed an increase of 
cholesterol in the blood both in animals and man dunng starvation 

Ellis and Gardner (105) explain the h 3 'percholesteremia sometimes 
seen in stan^ation as due to the destruction of tissues of the animal 
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rich m cholesterol, while Rothschild (308) considers that the choles- 
terol changes dunng starvation can be most readily explained by sup- 
posing that they are assoaated with the mcreased fat metabohsm 
The mobilization of fat in starvation is occasionallj evidenced by an 
increase of the fat in the blood (319) (88) (147) (82), although several 
authors report very vanable results (147) (227) (200) (51) (32) (133) 
which they explain as being due to the state of nutntion of the animal 
(339) (51) (32) They suggest that well supphed stores of fat lead to 
a hyperlipemia j 


Summary 

It IS evident from these observations that food does influence the 
level of cholesterol in herbivorous animals, like the rabbit, in wluch a 
long continued feeding with cliolesterol-nch food causes a h3T)er- 
cholesteremia, while fats apparently can not be substituted (336) 
In some carnivorous and ommvorous animals and in man it is possible 
to obtain a small temporary rise a few hours after a meal, which is 
missed in others Usually an adjustment occurs, and a permanent 
increase does not depend upon food itself A low enng may occasion- 
ally occur on a cholesterol poor diet but it does not fall belon a cer- 
tain level Consequently one may conclude n ith Hueck (165) that it 
IS probable that the body to a certain extent is independent of the 
amount of cholesterol m the food and that if the exogenous cholesterol 
fails tliere must be endogenous sources in the body which keep the 
cholesterol at a certain level 

RELATION or BLOOD OIOLESTEROL AND DILE CHOLESTEROL 

Under unusual circumstances of nutrition the level of cholesterol in 
the blood maj be occasionally raised or lowered, but under ordinary 
circumstances of health the content is kept remarkably constant in the 
indindual, which mdicates that there is an efficient regulation (51), 
probably by the liver (133) 

The excretion of cholesterol b> the liver into the bile was pointed 
out b> the early observ ers (344) (243) (122) and this conception is now 
firmlj established (24) (196) The thcorj proposed bj Nauyn (257) 
and his school that cholesterol is not a product of the general metab- 
olism and not a speafic excretion of the liver, but a product of the 
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epithelium of the bilary tract and espeaally the gall bladder, has been 
refuted by Bacmeister (28) who showed that the cholesterol is present 
in the bile and that it is not directly or indirectly derived from the 
mucous membrane of the gall bladder, and by Aschoff (26 )who demon- 
strated that the fat and cholesterol in the epithelial cells were products 
of reabsorption 

The mechanism of excretion is imknown, but Rosenthal and Hol- 
zer (304) suggested that the Kupffer cells take up cholesterol, and that 
the excretion takes place through the hver ceUs or perhaps m the bile 
capillaries Beumer (46) considers that the liver is for the cholesterol 
what the kidney is for unc aad He criticises the view of Chalatow 
(72) that the role of the liver as an excretory organ is very small, and 
that increased elimination through the bile is a pathological phenom- 
enon indicating liver insufficiency, especially since Chalatow himself 
showed in balance experiments that the larger part if not aU of the 
cholesterol of the food was excreted in the mtestme with the bile 
However, excretion through the large mtestme must be considered 
(326). 

If the hver as an excretory organ eliminates cholesterol through the 
bile and in this capacity keeps the level of the cholesterol m the blood 
constant it is evident that any flooding of the blood with this substance 
should be reflected in the increased cholesterol output in the bile 

Expel imeiital data 

To elucidate the relation of blood and bile cholesterol experimentally, 
Thomas (343) m 1890 and Jankau (169), workmg on dogs with expen- 
mental biliary fistulas, attempted to shov/ a relation between food and bile 
cholesterol but failed to do so Goodman (144) fed two sets of dogs re- 
peatedly white of eggs or calves’ bram and found an increase of cholesterol 
m the bile i\ith both diets, although the white of eggs contamed no choles- 
terol Havers (153) and Fasiani (116) demonstrated that protem and fats 
mcreased the excretion of cholesterol m the bile in dogs while carbohydrates 
were meffective Stepp (331), feeding dogs with bile fistula on extracted 
diets, found less cholesterol in the bile while an addition of cholesterol to 
the food mcreased the cholesterol in the bile 

Arndt (16), \\orking on dogs with gall bladder fistula with and wnthout 
occlusion of ductus choledochus, and also examimng bile, obtamed by gall 
bladder puncture after laparatom}’-, found that alimentary lipemia was 
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accompanied by a passmg hj-percholesteremia, but that the gall bladder 
cholesterol m as not influenced in a constant manner by the cholesterol in the 
food It as missed cxpenmcntally in one dog hile four others show ed a 
definite although moderate and lanable increase of cholesterol m the bile 
In comparison with tlie cholesterol fed, the increase in the bile was small 
He concluded tliat there was a certam parallelism between blood and bile 
cholesterol, but that the excretion was not an immediate response, and tint 
all the cholesterol in the food did not appear m the bile He suggested that 
the discrepancy may be due to the excretion of the cholesterol through other 
channels, and that the conception of storage of cholesterol m the tissues 
was important especially in animals with bile fistula, as the tissues were 
depriied of cholesterol 

Beumer (47) criticises Arndt’s worlv,pomtmg out that it is not permissible 
to take only part of the bile as indication of the total excretion of cholesterol, 
and he maintains that there is a very regular relation existing normally be- 
ta een ingested and injected cholesterol and that excreted m the liver through 
the bile He demonstrated that 0 7 gram of colloidal cholesterol injected 
on two successixe days in two infants on the same milk diet was excreted 
almost quantitatively Fasiam (116) had previously shown tint suspen- 
sions of cholesterol injected in tlie blood stream of dogs with biliary fistula 
increased the cholesterol m the bile Pasiani concluded that the augmenta- 
tion or diminution of the elimination in the bile is reflected in an in\ erse 
x'anationin the blood That thisisnotalwaxs true has been demonstrated 
bx Alpem (11) in botli normal and diabetic dogs, in which hypercholester- 
emia was not ah' ays followed by increased excretion through the bile 

In starving dogs, on the other hand, Rothschild (308) found an increase 
of cholesterol both in the blood and the bile, while McMaster (232) demon- 
strated that the quantity excreted in the bile xxas decreased although the 
concentration was higher This is considered by AIcMaster as a confirma- 
tion of Gardner’s view of conserxation in the body With a diet rich in 
cholesterol an increase w as demonstrated in the bile 

Clii teal data 

Tlie correlation of blood and bile cholesterol in man offers greater 
exTicrimcntal difficulties and the results reported arc \ ariable 

lor examination, bile has been obtained from bile fistula, by the 
duodenal bucket and at autopsy In cases ivitli bile fistula in most 
instances a diseased condition was present Ihc total excretion of 
bile in man is a variable quantity Ilucck (165) has estimated from 
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the data available that on an average 500 cc is excreted, and that 
probably the cholesterol may vary between 50 to 250 mgm per day 

Comparatively few investigations have been made on the relation 
of food and bile cholesterol m man Bacmeister (29) observed that 
more cholesterol was present in the bile after proteins than after car- 
bohydrates, while Salomon and Silva (316) found small quantities of 
cholesterol in the bile (duodenal bucket) when the diet was low in this 
substance With increased cholesterol content in the food the elimi- 
nation was augmented Butter (315) caused a greater excretion of 
cholesterol than eggs although the latter contained more cholesterol 

Csyhlarz, Fuchs and Furth (87) and Arndt (16) could not demonstrate 
an Increase of cholesterol m the bile after a diet rich in cholesterol m pa- 
tients with bile fistula Therefore no conclusions can be drawn as to the 
normal cholesterol metabohsm from experiments on man with gall bladder 
and biliary disease (16) 

In a physiological condition associated with hypercholesteremia as preg- 
nancy, Peirce (274), McNee (234), and Grigaut (149), observed a marked 
increase of cholesterol m the bile Later, however, Pribram (282), mvesti- 
gating the bile from the duodenum m gravid women, found the bile choles- 
terol decreased The same result had previously been obtamed in pregnant 
dogs (153) The cholesterol retamed m pregnancy was later found to be 
eliminated in the milk (157) and the bile (31) McNee’s (234) results have 
been explamed by the fact that m all his cases abortion had taken place 
before the determmation was made (31) The results, therefore, are not 
uniform but the discrepancy may depend upon the time of the determina- 
tion, whether late or early or after the termination of the pregnancy 

By the early workers high cholesterol values in the bile have been found 
in nephritis (274) (149) (76), diabetes (149) (76), and diabetes with bihary 
fistula (29) Later investigators (282) (34) have concluded that m hyper- 
cholesteremia from certain causes, there is a decreased excretion, conse- 
quently a retention Grigaut (149) and Chauffard and co-workers (76) 
found less cholesterol in the bile m retention icterus and cirrhosis of the 
hver Barat (34), m a series of cases rvith various chnical symptoms, found 
low values in endogenous hypercholesteremia as nephrosis and diabetes 
The evidence obtained indicated that m all the cases with low cholesterol 
values in the bile in every mstance insufficiency of the function of the liver 
could be deduced In nephrosis an active retention and deposits in the 
tissues has been shown by Herrnstadt (158) 



CHOLESHROL METABOLISM IN HEALTH AND ANEMIA 131 


Increased blood destruction induced e'cpenmen tally caused an increase of 
the cholesterol in the serum (193) and subsequently m tlie bile (193) (299) 
and feces (194) In human anemias with indications of increased blood 
destruction the tendency of the cholesterol in the serum is toward a lower 
level than normal In both hemolytic jaundice and pernicious anemia cx- 
araination of bile obtamed from the duodenum has shown more cholesterol 
present than normal This has been demonstrated by Bondi (60), Rosen- 
thal and Holzer (304) and Barat (34) How ever, in tw o cases of hemoly tic 
icterus ivith moderate jaundice and normal cholesterol values in the blood 
there w as no increase of cholesterol in the bile (34), and normal or subnormal 
cholesterol values w ere found in secondary anemia (34) It is also of inter- 
est to note that Rosenbloom and McKelvy (300) in sue cases of hemoly tic 
jaundice that came to autopsy found gall stones in live In one case seen 
by tlie author (253) gall stones were present in the gall bladder at the time 
of splenectomy Rosenthal and Holzer (304) point out the incongruity 
seen in pernicious anemia and hemolytic jaundice If the bile pigment 
changes are to be taken as cnterion for blood destruction, in spite of the 
fact that hemoglobin and cholesterol become free m large amounts, the 
organism answers with bilirubmemia but not with hypercholesteremia 
The cholesterol, however, is lost through the bile (302) 

After destruction of white blood cells in leukemia by v-ray treatment an 
increase of the blood and the bile cholesterol could not be demonstrated 
(34) This result suggested that the cholesterol obtained from cell destruc- 
tion may be deposited and transformed m the reticulo-endothelial system 
and not evereted as cholesterol (34) 

Experimentally an acute lowenng of cholesterol in the blood can be 
obLamed by injection of colloids (46) ('’OS) or oral administration of oliv e 
oil (203) The decrease in the blood was not accompanied by any increase 
of the cholesterol in the bile (46) (203) However, a true picture of the 
excretion of cholesterol max not be obtained by examination of the bile 
alone Sperry (326) presented evidence to show that some cholesterol may 
be excreted through the large intestine, and bacterial synthesis must also 
he considered 

The excretion of the liver apparently is modified by splenectomy Ep- 
pingtr (110) found a decrease of cholesterol in the bile and an increase in 
tlie blood after the operation, while Goto (146) demonstrated a decrease of 
bile pigment elimination The influence of tlie spleen on the activaty of 
the liver has been demonstrated by Kobay ashi (207), w ho sho'. ed a specific 
activating elTcct of splenic extract on the formation of acetone in the iso- 
lated liver, and Joannovacs and Pick (20S) w ho obtamed a decreased absorji- 
lion bv the liver of cod liver oil after splcnectomv 
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The change in the liver in cholesterol retention has been claimed by 
Weltman and Biach (356) to be due to a “thickening of the liver filter ” 
They pomted out the paramount importance of the liver m the cholesterol 
metabohsm and demonstrated that m herbivorus animals like the rabbit, 
feedmg with cholesterol caused a deposit m the organs because the liver is 
not suited for excretion of large amounts of cholesterol, while carnivorous 
animals have only a temporary cholesteremia smce they are accustomed to 
cholesterol rich diet and ehminate the excess rapidly through the bile 
Chauffard, Laroche, and Gngaut (75) also consider that the comparison 
of the level of cholesterol in the blood with that in the bile in different dis- 
eases will give the degree of activity of the cells which excrete cholesterol 
Hueck (165), however, pomted out that if the “thickening of the liver filter” 
was the only determming factor one ought to have increased cholesterol in 
the blood m all cases of mechanical obstruction This is not always the 
case as has been shown by Stepp (330) m obstructive jaundice with normal 
or subnormal cholesterol values in the blood which he explains on poor 
absorption and cachexia Experimental ligation of the common duct 
caused an increase of the cholesterol in the blood (333) but did not prevent 
absorption of cholesterol (328) (251) Feedmg high cholesterol diet under 
this condition caused an increase in the blood of rabbits but not in dogs 
(328) Thus increase of cholesterol in the blood is not always a mechanical 
phenomenon but may depend upon the changed colloidal state of cholesterol 
(115) (151) (228) Hepatectomy in dogs has given variable results En- 
derlen, Thannhauser and Jenke (108) ob tamed no rise of cholesterol in two 
dogs living 7 and 9| hours after operation, while m those living 14 and 16 
hours there w^as a considerable rise Mann (226), Rosenthal, Licht and 
Melchior (306) made similar investigations on serum after liver extirpation 
and did not find any increase of cholesterol m the blood 

In hypo cholesteremia of man the few facts available indicate that 
there is an mcreased excretion through the bile in some conditions like 
pemiaous anemia and hemolytic jaundice. In experimental h 3 po- 
cholesteremia, no increase was noted Landau and McNee (196), 
examinmg hvers of man for the cholesterol content found that in hyper- 
cholesteremia the liver did not store cholesterol but rather in hypo- 
cholesteremia higher values were obtained They consider the liver 
as an excretory organ in all animals, and that the difference is only a 
quantitative one Normally the liver shows very small differences 
in Its total cholesterol content (165) which agrees wnth Landau and 
hlcNee’s (196) suggestion that the excretion is a rapid one 
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An alimentarv hiTJocholesteremia has been demonstrated b> Cor- 
nell (84) m normal individuals shortly after ingestion of food and after 
histamine injections The evidence Mas suggestive that the choles- 
terol leaving the blood ivent to the liver He thought that the failure 
of this mechanism might actually suggest liver abnormality In 
pemiaous anemia patients this drop did not take place, but these 
patients had been on a liver diet for from 2 to 6 Mceks Experiment- 
ally the fall did not occur in dogs if the blood was div erted from the 
Iner, but the cholesterol remained constant after eating and after 
histamine injections Cornell thinks that the fall of cholesterol is 
assoaated ivitli alimentation and occurs independently of any gastric 
secretion 


Summary 

These findings Mith regard to the relation of exogenous and endoge- 
nous cholesterol to the bile cholesterol, indicate that tno tiTies of 
hypercholesteremia exist, namely, 1) a retention type in Mhicli less 
cholesterol is excreted through the bile as represented bj pregnancy, 
nephrosis, and mechanical obstruction, and 2) a hjpercholesterenua 
accompanied by increased excretion through the bile as seen after in- 
crease of cholesterol in the blood due to ingestion of large amounts of 
cholesterol or cholesterol nch food In the former condition some 
change must haxe occurred in the liver as an axcrctory organ or in the 
cholesterol itself, -nhile in tlie latter one may presume that a normal 
mechanism attempts to rid tlie body of the excess 

H>pocliolestcremia, on the other hand, may be due to increased 
excretion through the bile or increased deposit in the liver and other 
organs As explanation for this has been suggested an increased 
actixatj of the reticulo endothelial system or a change m tlie colloidal 
state of tlie clioleslcrol The equilibrium of cliolesterol in the blood 
Mill be maintained if tlie excretory organ functions in an efficient 
manner 


aiOLESTFROL METABOUSM AND THE SPLEEN 

A definite relation betu een the spleen, hematopoiesis and cholesterol 
metabolism has been cstabhshee! (273) (55) and contrarx to the preva- 
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lent opinion that anemia and low cholesterol values occur together, in 
the anemia produced by splenectomy there is as a rule an increase of 
cholesterol in the blood 

Increase of cholesterol m the blood after splenectomy has been demon- 
strated experimentally by some m dogs (176) (206) (325) , while others found 
no change (206) (58) and Goebel and Gnomsky (142) a slight decrease after 
operation Procedures which increase cholesterol m the blood in normal 
dogs as blood destruction (176) and administration of ohve oil (206) cause a 
much more marked increase in splenectomized animals This phenomenon 
has been explained by the decreased elimination of cholesterol by the hver 
(see above) and the absence of the spleen which normally participates in 
cholesterol elimination from the blood (206) 

H 3 rpercholesteremia after splenectomy has also been observed in rabbits 
(322) (244) and in gumea pigs (322) 

An increase of cholesterol m the blood after splenectomy has been 
obtained in man in cases of hemolytic anemias and Banti’s disease 
(176) (109) (238) (302) (93) (223) Denis (213), m two splenecto- 
mized cases of pernicious anemia, showed an mcrease of cholesterol m 
one and a decrease in the other 

The reports on the effect of splenectomy on the cholesterol level of 
the blood m man are not large, but the results scattered about m the 
literature are fairly uniform, although exceptions are reported 

It has been advocated that the spleen per se is not responsible for 
the changes occurring m the cholesterol metabohsm Soper (325) was 
unable to obtain any rise of the cholesterol in the blood of animals in 
which the spleen had been exposed to mesothonum rays, apparently 
destro 3 ang the cells of the pulp He explains this result as due to the 
preservation of the reticulo-endothelial cells and that the rise after 
splenectomy is caused by the elimination of a part of this metabolic 
apparatus Addis (7) also considered that the spleen influences the 
cholesterol metabolism but like Soper (325) attnbuted the change after 
splenectomy to the action of the pecuhar endothelial phagocytic 
cells situated espeaally in the sinuses of the spleen and to a lesser 
extent in the capillaries of lymph glands and bone marrow 
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THE RELATION OF THE CHOLESTEROL METABOLISM TO THE RETICULO- 
ENDOTHELIAL SVSTEM 

The methods employed in the study of the cholesterol metabolism 
have been somewhat similar to the work on bile pigment formation 
recently reviewed by Rich (293) The attention is now directed w ith 
increasing persistency toward the reticulo-cndothehal system as an 
important factor in the intermediary metabolism of cholesterol This 
is of significance espeaally in the correlation of cholesterol metabohsm 
to the anemias and the function of the hematopoietic organs Investi- 
gations on the relation of the reticulo-endothehal system to cholesterol 
and hpoid metabohsm in general have been divided mainly into 1) 
Morphological and 2) Physiological studies, the latter concerned chiefly 
with a) the determination of the level of cholesterol m the blood in 
response to the change m functional activity of the reticulo-endothehal 
cells, b) the amount of cliolesterol in the blood entering and leaving 
the organs, and c) after removal of organs like the spleen and liver 
containing considerable amounts of this specific tissue 

Morphologtcal studies 

The ability of the reticulo endothehal system to take up choles- 
terol, an electro negative colloid, and other lipoids, is an elective 
process determined by the physico-chemical condition of these sub- 
stances Their presence in the reticulo endothelial system has been 
reported by many observers both under expcnmental conditions and 
in disease of man 

In 1909 Ciacao (81) noted large cells m the blood forming organs m nor- 
mal conditions similar to those found in Gaucher’s disease He called 
them "Lecithin ZcUen ” The close relationship of the reticulo-endothehal 
sj stem to the cholesterol metabolism was demonstrated b> Anitschkow and 
Chalatow (12) (13) ( 14 )^ rabbits with cholesterol in oil and found 

Eubsequentlj that the cholesterol was present in tlic Kupller cells of the 
li'cr and in cells of the bone marrow, Ijmpli nodes and spleen, and that 
these cells also took up carimnc and other vital stains ns well as iron pig- 
ment These observations ha\e subsequcntlj been confirmc-d bj many 
ob'er\crs (358) (192) (364) (189) The dcmonslrauon of cholesterol is 
made with special case in the rcticulo-cndothclnl sj stem of the rabbit, due 
to the fact that m this animal cholesterol is not casilj ctcrctcd (356) The 
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deposit of fat m the spleen, however, is apparently a universal phenomenon, 
found in many animals as indicated by a review of this subject by Krause 
(189) 

Deposit of lipoid substances, mixtures of cholesterol and other lipoids 
(266), has been demonstrated also in starvation both in the spleen (325) 
and the liver (309) (17) The increase of the lipoids is explained by Okun- 
eff (266) as depending upon the h 5 ^ercholesteremia found m starvation due 
to katabohc processes Kusunoki (190) pointed out that it may be found 
after other kmds of cell destruction The increase of cholesterol is not de- 
rived totally from the subcutaneous fat since the latter has been shown by 
Abderhalden (1) to be poor m cholesterol 

Small amounts of lipoids in the reticulo-endothehal cells of the spleen of 
normal rabbits have been demonstrated (266) while Eppmger (110) was 
unable to demonstrate lipoids in the reticulo-endothehal systems of man 
under normal conditions 

In pathological conditions of man, as diabetes (320) (222), however, 
lipoids are present in the reticulo-endothehal system, and often to a 
large extent Wahl and Richardson (350) suggested that one may 
have a system disease, not of the hematopoietic organs as such but of 
the reticulo-endothehal system cells, and most staking in the hemato- 
poietic organs because of the prommence of these cells in them They 
concluded that the reticulo-endothehal system w^hich controls the 
normal disposition of the hpoids of the body may be so seriously in- 
volved that the cells which normally dispose of the lipoids are unable 
to do so, resulting m a hpoid infiltration of other cells also as the 
parenchjuna of the liver In these accumulations in man, they think 
there may be a predisposing susceptibihty of the reticulo-endothehal 
system and a disturbance in the lipoid metabolism, which may be 
manifested by a hpoidemia, and that it only reqmres some toxic or 
other mj'ury of a part or aU of the system to lead to a local or general 
accumulation of hpoid substances 

A system disease of the reticulo-endothehal system of infants with 
deposits of hpoid matenal was first reported by Niemann (260) and 
subsequently confirmed by others (50) (267) 

Piney (275) considers that in pernicious anemia the hberation of 
hpoids from the destruction of red blood cells is the direct cause of 
the intense fatty changes found m the liver and other organs in this 
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disease, le both the haemosiderosis and the adiposis of the liver 
results from the storage of the products of destruction of erj throcy tes 
He states 

“It IS even probable that the apparently well nourished state of most 
sufferers from pernicious anemia depends upon the storage of the excessive 
amounts of phosphohpins and fat liberated bj the intense hemolysis We 
have, therefore, to presume that the difference betn een normal hemolvsis 
and that occurring in pernicious anemia is only a quantitativ'e one ” 

He also suggested that if the hemolysis of perniaous anemia were 
due to some unknown toxin it would scarcely be likely to result in 
stimulating the normal mechanism for storage of fat, and indeed it 
would hardly be probable that normal products would result from the 
lysis 

Kusunoki (190) in many instances was able to correlate the pres- 
ence of doubly retractile substances and other lipoids in pathological 
spleens with the amount of cliolestcrol in the blood In one case, 
however, with high cholesterol values in the blood, very httle fat de- 
posit was found m the spleen, and he thought that it ma> be due to 
a decreased activity of the reticulum cells In two cases of perniaous 
anemia the lipoid cells in the spleen were abundant w bile in a child of 
SIX, with “perniaous anemia,” he found very httle In eight cases of 
secondarj anemia no increase of lipoids in the spleen was noted This 
difference he suggested was due to blood destruction in pernicious 
anemia, and the increase of the hpoid cells is a response to the hpoid 
set free bj hemolysis of the red blood cells As a rule, doubly retrac- 
tile substances were less in children than in the adult From his work 
he came to the conclusion that the spleen participates phj siologicallv 
in the hpoid metabolism m that the reticular and endothelial cells 
take up the arculating lipoids and those formed in loco and metabo- 
lize them, and that the spleen thus regulates the lipoids m the blood 
He maintained that tliese hpoid cells had the same ongin as the pig- 
ment cells of the spleen 

Zmzerling, however, (364) does not agree with Landau and McJvee 
(196), Kusunoki fl90), Rothschild (307) and Hucck (1651, who claim 
tiiat these cells have a speaal function m the intermediary cliolestcrol 
metabolism, but he suggests that the reticuloendothelial system 
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removes the cholesterol, like all other substances, from the blood when 
an excess is present, and returns it to the blood when it sinks below 
normal due to the excretion of cholesterol Hueck (165) considers 
that hypercholesteremia and cholesteatosis are coordinated phenom- 
ena In many instances, however, deposits of cholesterol may 
occur without increase of cholesterol in the blood (17) (90), and low 
values of cholesterol in the blood may be concomitant with mcrease of 
lipoids in the tissues (275) Conversely, hypercholesteremia does not 
always lead to deposits of cholesterol in the tissues (304) In obstruc- 
tive jaundice with a hypercholesteremia, normal or subnormal values 
of cholesterol have been found m the organs Consequently other 
influences are present 

Phystologtcal studies 

The methods of influencing the reticulo-endothehal system physio- 
logically are comparatively crude, the results contradictory The 
influence on the cholesterol metabolism of splenectomy and hepatec- 
tomy has already been discussed With the spleen a considerable 
part of the reticulo-endothehal system is removed, especially in ani- 
mals with a large spleen, but the temporary change obtained and 
the return to normal, after varying intervals, of the functions 
related to this system, are explained by the compensatory hyper- 
trophy of the cellular elements m other parts of the body (191) The 
extent and probable size of this system becomes clear when it is 
realized that, besides the spleen and other tissues, the reticulo- 
endothehal cells are scattered throughout the liver and the bone 
marrow, the latter with a potential size, realized in diseases hke 
pernicious anemia, second only to the skeleton, muscles, and blood 
(237) 

The method used for studying this system of cells is by injection of col- 
loidal substances or by so-called ‘ ‘blockmg ” The latter term is a misnomer 
because actual blockmg or elimmation of the functional activity is not ob- 
tamed in the experiments reported, and if ob tamed, is probably incompatible 
with life However, decrease or increase of functional activity may be 
ehcited, and the reaction obtamed depends upon the colloid used, the size 
of the dose, the number and duration of the mjections, and the functional 
activity of the cells themselves A positive result may be considered as 
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proof of participation by the rebculo-cndothelial system, v,hile a negative 
result may mean either nonparticipation of these cells or an insufTicient 
degree of either stimulation or depression 
In 1911, Chauffard, Richet, and Grigaut (73) suggested that because of 
its colloidal nature the \anation in the cholesterol of the blood serum is 
related to the activity of cells as illustrated by the localized concentration 
of cholesterol in atheromata and xanthelasma This conception of the rela- 
tion of phagocytic activity of cells and the cholesterol content of the blood 
IS also illustrated by the work of Christian (80) and Kipp (179) Christian 
showed that numerous polymorphonuclear cells in the lung during the stage 
of gray hepatization contamed large amountsof fatty material which differed 
in some respects from the body fat in that it did not reduce osmic acid, a 
characteristic of cholesterol, while Kipp found that the cholesterol m the 
early stages of pneumonia was low m the blood 
The relation of the cholesterol metabohsm to the functional activity of 
the reticulo endothehal system in dogs has been studied recently by Leites 
(205) using various colloidal substances After injections of colloidal silver 
or oli\ e oil emulsion the cholesterol decreased from 30 to 50 per cent in 10 
minutes with a return to normal in 1 to 2 hours Less cholesterol was found 
in the hepatic, femoral and splenic vein after a moderate number of in- 
jections indicating that the decreased amount in the blood coincided wnth 
an increased absorption of cholesterol by liver, spleen and bone marrow 
(205) The colloidal behavior of cholesterol was further demonstrated by 
determining the amount of cholesterol in the blood entering and Icavnng the 
lungs (204) A considerable part of cholesterol w as deposited in the lungs, 
whether obtained from alimentation or after the intravenous injection of 
colloidal solutions of cliolcsterol This is of mterest as Kawamurc (175) 
from morphological studies in dogs found cholesterol deposits in the epithe- 
lial cells of the bronchioles, and in both dogs and rabbits many cholestenn- 
rich cells in the sputum The behavior of colloids and their deposition in 
the lungs as w ell as in other organs rich in phagocytic cells has been pointed 
out by Drinker and Shaw (100) 

A fall in cholesterol after intravenous mjcctions of colloidal substances 
has also been demonstrated by Bcumcr (40) in rabbits, and Goebel and 
Gnoinsky (142) m dogs This reaction is probably a umv ersal response as 
may be deduced from the findings of Casbm and Moravck (69) \ col- 

loidal suspension of cholesterol and lecithin injected into cats instead of 
increasing the cholesterol in the blood caused a drop from 20 to 60 per cent 
Analysis of lung, hver and spleen showed that the cholesterol content had 
increased cnorraousK in the lung and other organs and that chotcsterol w as 
present in endothelial cells 
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removes the cholesterol, like all other substances, from the blood when 
an excess is present, and returns it to the blood when it sinks belot' 
normal due to the excretion of cholesterol Hueck (165) consider' 
that hypercholesteremia and cholesteatosis are coordinated phene 
ena In many instances, however, deposits of cholesterol t 
occur without increase of cholesterol in the blood (17) (90), and 
values of cholesterol m the blood may be concomitant with incree , 
lipoids m the tissues (275) Conversely, hypercholesteremia d' 
always lead to deposits of cholesterol in the tissues (304) In ^ 
tive jaundice with a hypercholesteremia, normal or subnom- 
of cholesterol have been found m the organs Conseqnc 
influences are present 


Physiological studies 
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changes oi cholesterol in the blood to changes m the permeability of 
the spleen, while Bcumer (46) also considered that the drop of choles- 
terol m the blood after injections of colloids, without evidence of 
excretion in the bile was due to a hj-peractivity of the reticulo-endo- 
thelial system He suggested that this may be the true explanation of 
hj'pocholesteremia Hoiiever, a change may occur in the colloidal 
state of the blood by injection of colloids (46) (205) and this change 
may facilitate tlie subsequent removal of the cholesterol from the 
blood by the activity of the reticulo-endothelial system cells 
Handowsky (151) has demonstrated that the stability of cholesterol 
as a colloid depends upon its union with certain fractions of proteins 
Eufinger (115) gave evidences to show a change of the colloidal state 
of cholesterol in pregnancy Deike (90) found that after injecting 
cholesterol intravenously with proteins there was a greater increase of 
the cholesterol in the blood whicli he did not attnbute to the choles- 
terol Itself but upon the clnnged quality and condition of tlie medium 
The protein bodies seemed to decrease the resorption of the cholesterol 
and therefore increased its efiectixcncss Tire increase of cholesterol 
in rabbits after feeding liver he also attributed to the proteins With 
li\er feeding more atherosclerotic changes were obtained than after 
pure cliolesterol feeding The mechanism of this he felt Mas not clear, 
but It seemed evident that the effect was not a chemical one but 
physico chemical 

Another hypothesis put forward is that the spleen (3) (142) or the 
reticuloendothelial system (45) sjnthcsizes cholesterol and that 
vanations may be explained b> increase or decrease of synthesis 
Authors agree, houeacr, that the reticulo-endothelial s>stcm is an 
important factor in cholesterol metabolism 

CHOLESTEROL SYNTHESIS 

The methods cmplojcd for eluadating the important problem of 
cholesterol synthesis by the animal organism have been 1) deter- 
minations of the total cholesterol content of animals, at various stages 
of development, fed diets containing no cliolesterol or known amounts 
of this substance, 2) balance evTicnmcnts, i e , determinations of the 
intake and output of cholesterol in animals, infants and adult man in 
health and disease 
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infants has also been obtained by Beumer (43), -mth cholesterol-nch 
as n ell as poor diet Beumer concluded that the cholesterol in the diet 
IS e.\creted, and that a quantity which is a product of the endogenous 
cholesterol metabolism is excreted in excess 

The infant offers peculiar advantages for balance expenments be- 
cause of the uniform diet and the excretion of the cholesterol un- 
changed Adult man offers greater difficulty because the varied 
composition of the food, the possible storage of cholesterol in the body, 
and the change in the intestine of cholesterol to coprosterol 

From the earlv nork of the English investigators, Ellis and Gardner 
(106), cholesterol synthesis in healthy adult man was denied They 
observed, however, that an attack of influenza with rapid loss of 
n eight, caused the output of cholesterol to exceed the intake Later, 
Gardner and Eox (137) in eight adult subjects found that the fecal 
sterol output n as about 2 to 5 times greater than the intake, indicating 
that the adult body must be capable of synthesizing cholesterol 
Channon (77) mtiazed their results and thought that no ngid con- 
clusions could be draivn from tliese observations as to cholesterol 
synthesis unless knowledge existed as to the function of the cholesterol 
stored in the various organs in the body If the diet is poor in choles- 
terol the reserve supplies in the hver, adrenals and other organs 
might be called upon to make up the deficiency Hence, unless 
expenments were earned out o\er a prolonged penod, the possibihty 
of the effect being due to cholesterol already stored in the body cannot 
be eliminated A second objection raised by Channon is that bac- 
tenal synthesis of sterol in the large intestine may be the cause of the 
large excess of excretion over intake 

Thannhauser (341) has shown that a positive balance can be 
obtained in man uith food loiv in cholesterol and that the minimum 
requirement for the adult is low 

A feu determinations of the cholesterol balance in man in disease 
arc found m the literature Roscnbloom and hlcKelvj (300) studied 
a patient unth hcmolj tic jaundice who uas receiving a diet containing 
5 22 grams of cholesterol determined by the method of W indaus 
The cholesterol obtained m the feces \\ as 12 27 grams, giving a negative 
balance of 7 OS grams Beumer (44) in a series of cases fed for 8 to 10 
dajs on the same diet in uhich cholesterol had been determined. 
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showed that a healthy person had a negative balance of 0 081 grams 
Three cases of pernicious anemia, contrary to expectations, showed a 
negative balance of —0 025, —0119, —0 207 Beumer expressed 
the opinion that in a disease with a chronic destruction of cells rich in 
hpoid material and diminished cholesterol in the blood one ought to 
expect an increased negative balance This was reahzed to a moderate 
degree in one case of pernicious anemia only He reahzed that re- 
mission, crises, a stationary condition may influence cholesterol 
metabolism No data are given to indicate the condition of the 
patients, except that they were “at a standstill showing no progress ” 
However, in pernicious anemia Reicher (280) found an increase of 
cholesterol m the stools The general fat metabolism is apparently 
not disturbed m pernicious anemia as the fecal fats were normal 
while nitrogen elimination was increased (174) 

In amyloid and genuine nephrosis there was a tendency to choles- 
terol retention (44) A positive balance was obtained with foods 
rich as well as poor m cholesterol In a case with common bile duct 
obstruction there was a negative balance of 0 035 gram, all of which can 
be accounted for by the food cholesterol which was not absorbed and 
a small additional amount from the intestinal secretion and epithelium 
From the above one may conclude that cholesterol can be synthe- 
sized by the organism both m animal and man It is also evident that 
in contrast to our knowledge of the nitrogen metabolism the data on 
the cholesterol metabolism and balance m health and disease are, to 
say the least, fragmentary 

THE ROLE OE VARIOUS ORGANS IN SYNTHESIS 

Three organs, namely, adrenals, spleen and liver, have been promi- 
nently associated by many investigators as participating m cholesterol 
synthesis 

Adrenals 

The relation of the adrenals to cholesterol metabolism and synthesis 
was recently reviewed by Joelson and Schorr (172) From this review, 
discussing the various trends of thought, and from subsequent work, it 
is evident that the adrenals are not the chief factor m cholesterol 
synthesis 
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Sphen 

The importance of the spleen and liver in cholesterol metabolism 
has been stressed by Aschoff (25) Proofs cited, mainly bj French 
Borfers, for the partiapation of the spleen in cholesterol sjmthesis 
have been obtained mainly from autolysis of the organ Aseptic 
autoljsis (3) (229) at first increased the cholesterol, while subse- 
quently a decrease w'as demonstrated It has been claimed that tn 
iit .0 this synthetic power of the spleen depends upon the normal 
function of digestion Injection of hydrochloric acid into the duo- 
denum of dogs increased the cholesterol in the arterial blood 100 per 
cent (4) (199) (290) This did not occur in splenectomized dogs and 
rabbits, except when splenic extract was injected or after trans- 
plantation of the spleen (6) Apparently the spleen as such is not 
responsible for the changes observed in the cholesterol, but a sub- 
stance produced by the spleen (5) Rtmond, Colombits and Bcrnard- 
beig (290) obtained a rise also m splenectomized dogs after introduc- 
tion of hjdrochloric aad into the duodenum and they concluded that 
the spleen was not essential for this reaction In clinical conditions 
witli h>peracidity, hjpocholesteremia has been reported which may 
be mfluenced by anti-acid medication (170) 

Ltcer 

Autolysis of the liver of normal (2) (351) and starved (22) animals 
has resulted in an increase of cholesterol, while Beumer (46) and 
Artom (19) cou?d not demonstrate an increase if infection was ex- 
cluded Partial extirpation of liver in rabbits and dogs (328) did not 
influence the level of cholesterol in the blood to any appreciable ex- 
tent Thus the investigations of the relation of cholesterol synthesis 
to adrenals, spleen and liver are contradictory and tlie conclusion may 
be drawn from the data at hand that all these organs may partiapate 
in some uni nown way’ in the syntlicsis and regulation of the cholesterol 
metabolism, but that at present no data are available connecting it 
with one definite organ 

SOURCE AND FATE OF CHOIESTEROL IN Till ORCAMSlt 

I\ith proofs of the synthesis of the cholesterol in the body the 
question arises as to the source and identity of the building stones as 
well as whether cliolcslerol is oxidized or destroyed in the bodv’ 
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Source of cholesterol 

Since Lifschutz (213) (215) showed that cholesterol can be obtained from 
oleic acid by oxidation, various types of experiments have been cited to 
support the theory of the relation between fatty acids and cholesterol 
Addition of triolem to the blood of an isolated liver with an artificial circu- 
lation increased the cholesterol (208), while m autolysis experiments on the 
liver the production of cholesterol has been increased by addition of oleic 
acid (20) and m the spleen by sodium oleate (5) The importance of neu- 
tral fat and fatty acids as building stones in cholesterol synthesis has been 
emphasized by many investigators (5) (72) (75) (203) (342) (357) In- 
crease of cholesterol and decrease of lecithm have been observed m human 
organs undergoing autolysis (352) but this has not been confirmed (247) 
Others claim that fatty acids, lecithm, and cholesterol can change into each 
other (357) (203) Terrome (338) disclaimed any relation of the fatty acids 
to cholesterol synthesis He thought that there was a regulatory mecha- 
msm which mobilized cholesterol to keep it m constant relation to the fatty 
acids 

Beumer and Lehman (45) suggested that cholesterol synthesis possibly 
takes place m the entire reticulo-endothehal system from mtermediary food 
products which are not ether soluble Wacker (345) found an unsapom- 
fiable substance which accompanied cholesterol in the organs Hueck 
(165) suggested that perhaps this substance furnishes the budding stones 
for cholesterol 

There is no doubt that cholesterol can be synthesized in the animal 
organism What part or any the exogenous cholesterol takes in this 
synthesis is unknown as apparently all is excreted The building 
stones of cholesterol have not been identified, although various 
substances have been suggested, prunardy fatty acids 

Destructio7i of cholesteiol 

\\Tiether cholesterol is destroyed m the body is uncertain Mendel and 
Leavenworth (240) gave some evidence m support of its being burned 
Chalatow (72) also beheves that the body is capable of oxidizing cholesterol 
so that large amounts in the food are neither excreted nor deposited but 
burned Destruction of cholesterol by the hver (216) and lung (262) (289) 
has been suggested 

However, the methods employed are criticised by Beumer (46) who 
considered that differences between the amount of cholesterol in the blood 
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entenng and leaving an organ, of differences betw een cholesterol in the hlood 
and the bile, cannot be taken as indicating either synthesis or destruction 
as there is another way out for the cholesterol, namel> , the tissues Ex- 
periments of this type give us a picture onl> of the shifting of cholesterol 
in the body 

Autolysis of spleen (3) (229), kidney, adrenals and thyroid (229) has 
showed a decrease of the cholesterol content which was interpreted as de- 
struction Low cholesterol values occasionally found in retention icterus 
have been explained on pathological destruction (304) and hypercholes- 
teremia to decreased destruction (149) (268) 

In starving dogs, Beumer (46) demonstrated that cholesterol neither in- 
creased nor decreased, show mg that neither synthesis, because of absence 
of building materials, nor destruction took place He concluded that an 
oxidation of cholesterol is questionable and that as for destruebon on a large 
scale there is no definite proof 

Investigators concerning themselves with the destruction of cholesterol 
naturally have attempted to identify the intermediary products Chemi- 
cally c\ idence of an oxidation of cholesterol to bile acids has been presented 
by Windaus (362) (363) and Wieland and Weil (361) Some investigators 
(87) (214) obtained an increase of bile acids after the administration of 
cholesterol, w hile others (1 23) hax e been unable to demonstrate an increase 

How ev er, Enderlen, Thannhauserand jenke (107) in experiments on dogs 
with bile fistula kept tliem in a negative cholesterol balance for months on 
an intake of 130 mg of cholesterol per day They therefore concluded that 
the exogenous cholesterol, w hich, due to the lack of bile, w as poorly’ absorbed 
and left with the stools, has nothing to do with the bile acids It became 
even more improbable xvheh it was taken into consideration that the bile 
acids excreted were about 10 times greater m amount than the cholesterol 
ingested fhannhauscr (341) in balance experiments on two women did 
not find any relationship begween bile acids and cholesterol excretion 

ith the demonstration that cliolestcrol can be sy'nthesized in the 
body the problem of the formation of bile aads changes and tlic 
theoretical supposition that bile acids art formed from cliolestero! 
loses Its support as both bile acids and cholesterol may be formed 
^p"^) ^'ne unknown substance perhaps in the same place (16) 

Tl'us It IS cxident that destruction of cholesterol has not been 
proved The increase or decrease of cholesterol m the blood mav be 
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explained in other ways than by decrease or increase of destruction of 
this substance, and as far as is known, cholesterol is the end product 
of the cholesterol metabolism, except for the change in the intestine to 
coprosterme, a hydrated cholesterol 

INTERNAL SECRETION AND CHOLESTEROL METABOLISM 

An effiaent regulation of cholesterol in the body analogous to the 
nitrogen balance has been postulated (43) Thus the intake and out- 
put will be equal whether cholesterol is abundant or insufficient, and 
under normal conditions very little storing of cholesterol takes place 
with a rich cholesterol diet, while with an insufficient diet the body 
protects Itself against loss The baffling obscurity as to this regulation 
IS reflected in the vast amount of work undertaken to discover the 
mechanism regulating the cholesterol in the blood Berberick (41) 
has suggested that hypocholesteremia may depend upon constitutional 
weakness of the endocrine system which is hereditary and familial, 
while Grigaut (149) maintained that the ability of the body to form 
cholesterol is increased in certain diseases by hormones 

Thyroid 

In 1922 Epstein and Lande (112) m a series of cases with thyroid 
disorder found low values of cholesterol in the blood in hyperthy- 
roidism and high values in myxedema These findings have been 
confirmed (48) (154) while Castex and Schteingart (70) studying 24 
cases of h3q)er- and hypothyroidism correlating cholesterol m the blood 
to the basal rate could not demonstrate any relation between increased 
combustion and the level of cholesterol m the blood. Epstein’s (112) 
conclusions receive some support from experimental work Removal 
of the thyroid gland in animals (22) (271) (291) (349) caused a con- 
siderable increase, while feeding of thyroid and injection of thyroid 
extract (212) caused a reduction of the cholesterol m the blood 
Goldzieher and Hirschorn (143) found that the storage of cholesterol 
was increased by thyroid administration in Kupffer cells of the liver 
Large doses of thyroid extract (212), on the other hand, caused an 
mcrease of cholesterol in the blood which is explained on mobilization 
of fat However, in morphine intoxication both the basal metabolism 
and cholesterol are lowered (27) and m the later months of pregnancy 
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lugh cholesterol values are concomitant with an increased basal me- 
tabolism, the latter thought to be due to the acidosis (152) Hueck 
(165) draws the attenton to ben ben which shows increased choles- 
terol in the blood, decreased oxidation and acidosis, while adrenal- 
ectomy in animals caused decrease of basal metabolism and increase 
of cholesterol in the blood In young, actively growing infants the 
cholesterol values were much lower than in the adult (33) (264), 
while 50 per cent of individuals about 55 > ears of age show ed a hj’per- 
cholestercmia (239), probably depending upon physico chemical 
changes in the cell membrane, decreasing its permeability 

It IS evident that variations of the cholesterol level in the blood 
maj occur w ith variations in the basal metabolism Up to the present 
time, however, no constant relation has been demonstrated 

Adrenals 

Removal of the adrenals m dogs (172) and rabbits (309) caused 
an increase of the cholesterol in the blood, while Gngaut (149) m 
dogs, and SsokololT (329) in man, after removal of one adrenal, could 
not demonstrate any increase Injection of epinephrine did not 
influence the cholesterol level in the blood of dogs (172) while sub- 
cutaneous administration of adrenalin in rabbits (217) increased the 
cholesterol m the blood 2 to 4 hours after injection V slight increase 
of cholesterol was noted in patients injected with epinephrine sub- 
cutaneouslj and intravenously (10) (167) Joelson (172) suggested 
the possibilitj that the internal secretion of tlie adrenals has some 
effect on blood cholesterol similar to the pancreas on blood sugar 

Pancreas 

Mahler (224) obseraed that in ether anesthesia there was a rise of 
the cholesterol and glucose in the blood, and that this rise could be 
pre\ anted if insulin was administered before the anestlisia The 
cholesterol and glucose level, however, does not run parallel in per- 
nicious anemn in which Gcttler and Lindeman (139) found high sugar 
values and low cholesterol Nilzcscu and co workers (261) (262) 
demonstrated tint the normal deposit of cholesterol in liver and lung 
of dogs was prevented if the pancreas was removed Insulin nd- 
ministtred to normal and dcpancrcatizcd dogs increased the deposit of 
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cholesterol in the former, but brought it back to normal in the de- 
pancreatized animals The amount of cholesterol in the hver m 
diabetic dogs has been found decreased (20) Insulin thus has a 
defimte influence on the fixation of cholesterol in the tissues (216) 

Piimtary 

In 1916 Warthin (354), studymg two cases 6f pituitary dystrophy, 
observed that a cholesterol infiltration or retention occurred Moehlig 
and Ainslee (246) demonstrated an increase of blood cholesterol in 
rabbits after the administration of posterior pituitary extract injected 
for 10 days They explain the result on the selective action of the 
pituitary secretion on mesenchymal tissues which are involved in the 
cholesterol metabolism Pitmtrm, however, does not alter the storage 
of cholesterol (143) Increased excretion of cholesterol in the feces 
has been reported in acromegaly (130) 

It is dear that whatever the function of the internal secretions in the 
regulation of the cholesterol in the body, as yet no definite relation has 
been established 


CHOLESTEROL IN ANEMIAS 

In certam chnical conditions, espedally anemia, cholesterol shows a 
deviation from the normal indicating that in some way the me- 
tabohsm of this substance is intimately related to the proper fimction- 
mg of the hematopoietic organs 

It has been stated that anemia is the chief condition in which low 
values of cholesterol are found (65) (256) (317) (332) (334) This 
statement is occasionally modified to the eSect that the decrease 
of cholesterol m anemias is not marked unless red blood cells and hemo- 
globm have declined below 50 per cent of normal (223). 

In reviewing the hterature describing the work on blood cholesterol, 
espedally in pemidous anemia, one is struck with the variabihty of 
the results obtained by different observers This fact has already 
been co mm ented upon by Kohn (187) To obtam any understanding 
of the cholesterol metabohsm m anemia the material available has 
been analysed in secondary anemia and the so-called hemolytic 


anemias 
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Cholcslcrol tn secotidary anemta 

The study of the cholesterol level m the blood in secondary anemia 
IS fragmentary In most instances only one determination has been 
made on each case and 60 per cent are unaccompanied by blood counts 
One hundred and nine cases uith actual figures of cholesterol have 
been analyzed Of these, S were chlorosis (15) (42) (113) (312), 2 
aplastic anemias (IS) (140), 2 were due to Bothnocephalus latus (55) 
(92), 15 were secondary to caranoma (42) (53) (55) (92) (145) (303) 
(330), 21 leukemias (34) (35) (42) (55) (92) (145) (223) (312) (330) 


TABLE I 

CJtohsUrol in secondary anemuxs 
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(335), IS splenic anemias or Banti’s disease (IS) (92) (110) (140) 
(223) (238) (303) (312), 18 secondary to hemorrhage (55) (92) (IIS) 
(223) and 31 Mere due to various causes (34) (53) (55) (176) (187) 
(188) (223) (238) (294) (330) (334) (335) and in some instances 
classified only ns secondary anemia 
The result of this analysis is set forth in table 1 where the number 
of cases according to the standard set by’ each individual autlior liavc 
been classified as having normal cliolcstcrol toIucs, or t'alues above or 
below normal 
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Of the 11 cases with a red blood cell count below 2 5 millions, 6 
showed cholesterol values below normal and 5 were within normal 
limits 

Some important facts were revealed by this analysis Normal or 
high cholesterol values were present in severe aplastic anemia In 
Bothriocephalus anemia with low initial values there occurred a con- 
siderable mcrease of the blood cholesterol as soon as the worm was 
dehvered (55) The increase of cholesterol preceded the rise of the 
erythrocytes In anemia due to caranoma, 6, or 40 per cent, showed 
subnormal cholesterol values and of these all but one, in which the 
location was not stated, had caranoma of the esophagus or stomach 
Gorham and Myers (145) in some of their cases with carcinoma of the 
stomach and oesophagus found somewhat low values in the later 
stages (about 120 mgm per 100 cc of blood against a normal average 
of 150 mgm per 100 cc ) In gastro-intestmal conditions as ulcer or 
colitis the cholesterol values were within normal hunts Of the 15 
cases of myelogenous leukemia, hypocholesteremia was present in 13 
although the anemia was shght when recorded The white cells 
ranged from 110,000 to 220,000 per cubic millimeter In the 15 
patients with B anti’s disease, 10, or 66 6 per cent, had low cholesterol 
concentration m the blood while the red blood cells varied from 2 6 
to 6 2 millions per cubic miUimeter m the six cases recording blood 
counts Only two were below 3 million erythrocytes per cubic miUi- 
meter, consequently the decrease of red blood cells was m most in- 
stances not extreme In three cases with splenectomy a marked 
hj^percholesteremia was present in 2, and normal values in one (223) 
The number of red blood cells in the one case reported was normal but 
with a low color index (0 62) 

A systematic study of the cholesterol and the other lipoids after 
hemorrhage m man has been made by Feigl (118) in severe post- 
operative hemorrhage m comparatively healthy men, hematemesis, 
severe menstrual bleeding, and hemoptysis due to tuberculosis 
Unfortunately no blood counts are recorded, so that the severity of the 
anemia is unknown The striking fact about his report is the uniform 
increase of cholesterol evident on the first day after the hemorrhage in 
most cases and verj’’ marked after 48 hours At the end of the first 
week hypercholesteremia persisted although to less extent than on the 



CBOIXSTEROt METAEOUtSSI IN HEALTH AND ANEJUA 


153 


second and third days The amount of the lipemia i\as modified by 
the general condition of the patients The rise observed vas less in 
undernourished individuals, and more cholesterol and leathin -were 
mobilized m severe menstrual bleeding than from a single hemorrhage 
In nephritis, bleeding caused an addition only of neutral fat if the 
cholesterol was already increased in the blood McAdam and Shis- 
kin (22) reported two cases i\ ith low values One patient had metror- 
rhagia and one “hemorrhage,” with 2 0 and 0 9 millions red blood cells 
per cubic milimeter respectively 

After bleeding, the lipoids were also increased in the blood of rabbits 
(56) (59) (118) (161) (244) (314) This Iipemia was obsened by 
Horiuchi (161) to be present on a practically fat free diet, while Boggs 
and Morris (59) noted that the animals became very emaciated 
They suggested that the great loss of tissue protein might have some 
influence on the abnormal fat metabolism 

The increase of cholesterol in severe anemias due to bleeding is in 
sharp contrast to the cholesterol content in manj other anemias 
The mechanism of this lipoidemia has been vanously interpreted as 
being due to hek of red blood cells and decreased osidation (59), 
decrease of lipase and consequent decrease of metabolism of lipoids 
(161) (314), and mobilization of fat from the tissues and especially the 
hone marrow (56) (59) Bloor (56) considered that in hemorrhage 
there was an outflow of lipoids into the blood in larger quantities than 
the normal mechanism can dispose of at once, while Horiuchi (161) 
thought that the outflow was diminished The cause of this sudden 
mobilization of lipoids Bloor (59) suggested to be due to cellular inani- 
tion which undoubtedly exists The displacement of fat bj the blood 
forming tissue he considered an interesting possibilitj 

Another explanation of this phenomenon has been offered bj Fish- 
berg and Tishberg (119) (120) They confirmed the increase of fat 
and cholesterol in the blood of rabbits with hemorrhagic anemia 
The total proteins, however, were decreased, and tliere was a shift in 
the albumm-globulm ratio in favor of the latter This picture is also 
found in the so called Epstein’s nephrosis (111) in which the cholesterol 
IS greatly increased Tishberg and Tishberg concluded tint the in- 
crease of the cholesterol and the fat after hemorrhage is due to the loss 
of scnira protein and mav be conciderctl as a compensatorv phenom- 
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enon for the purpose of maintaining the colloidal osmotic pressure in 
the blood at a normal level This fat was mobilized from the fat 
depots of the body_(119) (120) (244) and the lipoidemia after hemor- 
rhage was similar to the ones seen in nephrosis in which disease Hiller, 
Linder, Lundsgaard and van Slyke (160) have shown that there is no 
impairment in the burning of the fats 

Confirmatory evidence of above hypothesis has recently been re- 
ported by Fishberg (121), who noted that the osmotic pressure in 
hpemic blood was higher than in blood diluted to the same concentra- 
tion of protein, and this difference became apparent at the same time 
as the total lipoid content of the blood started to rise 

Bloor and McPherson (55), and McAdam and Shiskin (223) state 
that there does not seem to be any characteristic difference in the 
blood lipoids in different types of anemia, while Kohn (187) emphasizes 
that all investigators have found low values in all hypochrome anenuas 
and that his own determinations confirm this It is evident from the 
analysis of this miscellaneous group of secondary anenuas that one is 
not justified in concluding from the data at hand that cholesterol is 
low in all cases of secondary anemia 

Cholesterol tn the so-called hemolyPic anemias 

In the so-called hemolytic anemias, primarily congenital hemolytic 
icterus and pernicious anemia, cholesterol has been assumed to be 
intimately related to the disease process since the discovery by Ran- 
som (285) that saponin hemolysis could be prevented by cholesterol, 
and by Noguchi (263) and Keyes and Sachs (195) that it acted in the 
same way with cobra poison m vitro Morgenroth and Reicher (248) 
and others (131) (278) then proved that cholesterol was able also to 
prevent hemolysis in vivo, and Meyer (242) demonstrated that the 
sensitiveness of the erythrocytes to saponin hemolysis depended upon 
their cholesterol content Considerable work has been devoted to the 
relationship of cholesterol to hemolysis This work was recently re- 
viewed by Campbell (65) 

Hemolytic jaundice In many cases of icterus, especially of the 
retention type, the cholesterol in the serum is increased In 1911 
Chauffard, Laroche and Grigaut (74) observed that in three cases of 
hemolytic icterus no augmentation of the cholesterol in the blood could 
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be demonstrated This was verified by Rothschild and Felsen (312) 
vho attempted to correlate icterus and the cholesterol content of the 
blood 

Since familial hemolytic jaundice became recognized more widely 
as a disease entity, several determinations on cholesterol have been 
made and in some instances reported without any figures, but said 
to be decreased below normal (258) (265) (269) 

From the literature 37 cases of hemolytic jaundice with cholesterol 
determinations on the blood have been collected (15) (34) (35) (75) 
(85) (110) (117) (140) (176) (223) (238) (272) (303) (332) Of these, 
only 11 report red blood cell count and only 5 more than one deter- 
mination (117) (223) In analyzing these 37 cases it was found that 
25, or 67 5 per cent showed hypocholesteremia Of the remaining 12, 
two showed hypercholesteremia (117) (140) while the other 10 were 
wthm normal liimts (34) (35) (75) (117) Cholesterol values m the 
plasma below 50 per cent of normal were found by the autlior (253) 
a case of hemolytic jaundice After splenectomy the cholesterol 
remained low for 38 days during a stormy convalescence and with 
slight improvement of the anerma McAdam and Shiskin (223) ha\e 
also determined the cholesterol content of the blood in relation to 
splenectomy After splenectomy there was a gradual increase of 
cholesterol in the blood which resulted m hypercliolesteremia or nor- 
mal cholesterol values with red blood cells between 5 2 and 6 7 millions 
per cubic millimeter 

■^n interesting observation has recently been made by Leites (207) 
suggesting that the acid-base balance may be of importance for the 
regulation of the cholesterol in the blood In splencctomized dogs he 
j Carved that the destruction of acetone and the ketone bodies was 
^ecreased and that this was most prominent in explaining the h> per- 
^0 esteremia occurring some time after splenectomy Only one 
b]^*^? ^'■Omred hemolytic jaundice with 117 mgm of cholesterol m the 
ceM ^ niilhon erythrocytes per cubic millimeter and SO per 
« hemoglobin, has been reported (15) 

^ axarmnation of these rather incomplete data it is striking 
^requentlj hjpocholesteremia is encountered in hcmoljtic jaun- 
noi ^^at that, comparatively speaking, the anemia is 

rccortfa'^^ single instance were the red blood cells, when 

"ad, below 50 per cent of normal 



156 


GULLl LmDH MULLER 


This behavior of cholesterol is of so much more interest, because as 
a rule the patients with hemolytic jaundice are m fairly good health 
and nutrition, refutmg to some extent the supposition that low choles- 
terol values depend upon debility and lack of vitality 
Permctous aneima Determmations of cholesterol in the blood 
plasma or serum of 172 cases described as pernicious anemia have been 
analyzed (15) (34) (35) (39) (42) (54) (55) (85) (92) (117) (140) (145) 
(174) (176) (178) (184) (187) (223) (238) (255) (270) (294) (303) (312) 
(317) (330) (332) (335) (359) This covers the greater part of the 
examinations recorded and available Of these 172 cases, 120 had 
only one cholesterol determination, 69 of which were accompanied 
with no data for red blood cells and hemoglobin. In the remaining 
51 cases with one cholesterol deterimnation, the results of one ex- 
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ammation of red blood cells and hemoglobin were recorded This 
leaves 52 cases, of which number 23 had two determmations of choles- 
terol, while 29 patients were studied m somewhat more detail (55) 
(140) (145) (178) (187) (270) (359). 

In 114 cases, especially recorded in more recent reports, cholesterol 
deterrmnations were done either on the serum or the plasma 
The initial values of cholesterol m the 172 cases studied, according 
to the standard of normal set by the respective authors, were above 
normal in 18, within normal limits in 47, and below normal in 107, or 
62 2 per cent The red blood cell counts were recorded in 101 cases 
The relative cholesterol content in the blood of the various groups 
classified as to the severity of the anemia is shown in table 2 
A reduction of 50 per cent of the red blood cells per cubic milhmeter 
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were seen in 84 out of the 101 cases in which blood counts are recorded 
Of these 84, 46, or 54 7 per cent, had lower cholesterol values than 
normal 

The number of cholesterol determinations made on the 101 cases 
ivith blood counts recorded was 196 The percentage of subnormal, 
normal and high values of cholesterol in relation to all the blood counts 
are set forth in table 3 


TABLE 3 

The TclaUan of the cholesterol to the erythrocyte cot centration of the peripheral blood 


ESYTirsOCYTES 

ftnrati or 
DETEaiasxTtoss 

»EtlTIVECn0LESrE10L\ \IXJBS IS TOC BLOOD 

Above oormal | 

Normal 

Below normal 

mt’hnt fef eu trm 

Pif cent 


per cent 

per cent 

O-I 

13 7 


2 S 


1-2 

37 4 


13 D 


2-3 

28 S 


13 7 


3-5 or o\ cr 

20 4 

wmm 

9 2 

■bB 

Total 

100 0 

13 3 

39 3 

47 4 


TABLE 4 

The relation of the cholesterol lerel to the tosirse of the anemia 




1 EEVTOBOCVTCS LE\'EI.“HOJXSEE Or 

CnOttSTtlOt CEN-Et 

KUUBIUt or 

IBBI 


BBBI 






Staiionarj 

11 

3 

SB 

3 

Increased 

17 



2 

Decreased 

17 


10 

7 


In table 4 the relation of the cholesterol in the blood to the course 
of the disease as evidenced bj the decrease or increase of the crj thro- 
cj tes in the blood is set forth Iwcntj-nine cases with the number of 
c olesterol and red blood cell determinations ranging from 3 to 8, and 
16 cases witli 2 determinations, have been anaijred 
riiis table shows that with a stationarj cholesterol leicl the red 
) ood cells nia3 remain statiomrj or show increase or decrease, while 
1 the cholesterol inertaces the red blood cells are apt to increase A 
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lowering of the cholesterol level may be accompanied by a rismg blood 
coimt 

This lack of correlation in the relation of the number of red blood 
cells and correspondmg hemoglobin values and the amoimt of choles- 
terol in the blood has been commented upon by various observers (42) 
(92) (187) (223). Others, however, claim that the number of red 
blood cells, that is, the anemia, is directly related to the low values of 
cholesterol (55) (317) (334) Bloor (55) suggested that the numerical 
decrease of red blood cells may play an important part because they 
participate in the metabohsm of fats and cholesterol Wesselow 
(359) and Beck (37) also concluded, that there was a rough parallelism 
between the rise of the plasma cholesterol and the increase of the red 
blood cells, the highest red blood cell count per cubic millimeter 
corresponding to the highest cholesterol values 

The correlation of the concentration of red blood cells and hemo- 
globin and the cholesterol level of the blood would furnish a simple 
explanation of the decrease of cholesterol found in a certain number 
of cases of anemia and would cover all anemias due to any cause It 
IS difficult, however, to correlate the fact that pernicious anemia pa- 
tients with red blood cells below one million per cubic millimeter may 
have normal or high values, while others with a blood containing more 
than 50 per cent of the normal numbers of erythrocytes show sub- 
normal values 

The relation of cholesterol to blood transfusion in permcious anemia 
has been studied by Denis (92) and Kipp (178) They could not find 
any parallelism between the blood cholesterol and the increase of red 
blood cells due to transfusion except in a patient that apparently was 
enj 03 dng a renussion (178) 

To illustrate that the cholesterol level of the blood and the number 
of red blood cells bear little or no relation to each other, 10 cases of 
polycythemia may be cited (110) (176) (188) (223) (238) (280) Of 
these 3 showed hypocholesterenua and in one of these cases the choles- 
terol was very low, 74 mg. per 100 cc (223) Five had values of 
cholesterol within normal limits, while two showed hypercholesteremia 
which led Pribram (280) to conclude that the increase of cholesterol 
protected the red blood cells from destruction and that polycythemia 
was due to a decrease of blood destruction The reason for the m- 
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crease of the cholesterol he suggested might be due to liver injury 
Beumer and Burger (42), however, found urobilin in the urine of 
polycythemia vera patients and therefore concluded that blood forma- 
tion as veil as destruction was increased Kohn (87) attempted to 
correlate the stage of the disease to the cholesterol content of the 
blood He found low cholesterol values m 4 of eleven cases studied 
with red blood cells below 1 0 million per cubic millimeter, and with 
increase of serum bilirubin In a fifth case the cholesterol rose from 
70 to 110 mgm per 100 cc concomitantly with a decrease of red blood 
cells from 11 to 0 8 rmllion per cubic millimeter, the decreased bili- 
rubin indicating a remission However, the patient died In another 
case with five determinations the cholesterol fluctuated between 101 
and 126 mgm , a vcrj' narrow range, accompanied, however, by con- 
siderable fluctuations of the red blood cells between 3 3 to 2 1 millions 
per cubic millimeter, the lowest cliolesterol value corresponding to the 
low est red blood cell count From these data he concluded that low 
cholesterol values are found at thehcightof exacerbation of the disease, 
while higher values but under normal were found in relative remission 
with normal values in complete remission 

Tlie lack of correlation between the concentration of red blood cells 
and hemoglobin and the cholesterol level in the blood in pernicious 
anemia can be explained by the results obtained by the author (253) 
in a senes of pernicious anemia patients It was found that the 
cholesterol in the blood plasma was low in relapse but that a sudden 
rise to a higher level, which later increased and was maintained, 
occurred at the onset of tlie remission This increase of cholesterol 
was concomitant with the reticulocyte response, apparently pronor- 
tional to the intcnsitj of tlie reaction and not dependent upon tlie form 
in which the active pnnciple eflective in pernicious anemia was ad- 
ministered, nor upon the number of red blood cells in the peripheral 
blood Therefore normal or high values for phsma cholesterol with 
low red blood cell counts in pernicious anemia indicate that remission 
is taking place This increase of cholesterol apparently did not de- 
pend upon an alimcntarj' hjTicrcholcsteremn but upon the intcr- 
mcdiarj cholesterol metabolism, an opinion which has been con- 
curred in bv others (9) (359) 

llitse results maj explain the varjang relationship of the cholcs- 
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terol level to the degree of anemia in the disease pernicious anemia, 
but few facts are available to explain the low values found in relapse 

The theory has been advanced that hypocholesteremia depends 
upon the nutrition and strength of the patient, not the condition 
leading to anemia (42) (66) This opinion is expressed also by Mc- 
Crudden and Sargent (231) who claim that low cholesterol values in 
the blood are due to low vitahty 

Changes m plasma volume (94) (359) and abnormalities in the 
metabolism of simple fats (84) (,140) (174) have been excluded How- 
ever, there is a tendency to overstorage and pathological infiltration 
of cholesterol and other lipoids in the active tissues (84) (164) (177) 
(275), while others have found decreased values (39) (196) Piney 
(275) considers that the normal mechanism for storage of fat is stimu- 
lated In addition there is some evidence of a loss of cholesterol in 
the bile (34) and in the stools both in pernicious anemia (286) and in 
hemolytic jaundice (300) 

The general opinion in the literature as to the importance of choles- 
terol m pernicious aneroia is divided That it is an antihemolytic 
agent used up against the disease process in pernicious anemia has 
been refuted by McNee (235) However, McNeil (236) thought that 
cholesterol, an antihemolytic agent, is an important factor in anemic 
conditions and that the lack m pernicious anemia is a permanent and 
progressive defect Bloor and McPherson (55) concede the fact that 
cholesterol acts as an antihemolytic agent against certain substances, 
but state that there is no evidence to show that it protects against 
hemolysis by the fatty acids thought to be the agents for the production 
of human hemolytic anemias Nevertheless, Bloor (53) feels that the 
low values for cholesterol in the plasma are not without significance 
in view of the part which cholesterol is said to play in protecting cor- 
puscles from action of hemolytic agents This opinion has also been 
voiced by Warden (353), Stern (332), Myers (256), Kipp (178), 
Pacini (270) Gibson and Howard (140) and Kohn (187), while Squier 
(327), Csonka (85) and Ridge (295) advance the opinion that the 
general disturbance of the lipoid metabolism of the body is the 
primary cause of the disease 

On the principle that cholesterol prevents hemolysis (248) Reicher 
(287) treated pernicious anemia patients with cholesterol and reported 
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improvement but he did not think that cholesterol was a specific 
Beneficial results were also obtained by others in pernicious anemia 
(67) (99) (114) (184) (270), and hemolytic jaundice (269) (272) and 
in other anemias (99) Pribram (279) (280) and Simon (323) ob- 
tained no results rvith cholesterol therapeutically in pernicious anenua, 
and -s-ray anemias remained unaffected (99) Pringsheim (283) in a 
case of parovjsmal hemoglobinuria was able to prevent the hemo- 
globinuria by subcutaneous injection of cholesterol That choles- 
terol is not a speafic, although improvement can be obtained in 
anemias of the hemolytic type, may be concluded from the data at 
hand 

Hon ever, McAdam and Shiskin (223) point out that there is con- 
clusive evidence of increased cholesterol in the plasma and decreased 
hemolytic activity This has subsequently been confirmed by 
others (178) (303) (312) Kipp (178) thought that the fact that m 
tuo of his cases of pemiaous anemia, treated with transfusion, the 
cholesterol remained low, indicated perhaps an mcrcased utilization 
of this substance against toxic elements causing hemolysis Neilson 
and WTieelon (259) and others (39) (281) have suggested that choles- 
terol acts as a protective and that this action in some measure is 
proportional to the content of cholesterol in tlie scrum This pro- 
tection IS considered as of a chemical nature Rosenbloom and Mc- 
Kelv}' (300) also discuss cholesterol as an antihcmolj tic agent, and 
suggest that hcmoljtic jaundice is due to a perverted cholesterol 
metabolism causing a lessened amount in the scrum They come to 
the conclusion that there is some relationship betucen the increased 
fragility of the red blood cells, the cholesterol content of the blood, 
and the spleen Giffin (141) and McAdam and Shiskcn (223), hou- 
e\cr, shoued tliat the increased fragility of the red blood cells before 
splencctomj remained unaltered after splenectomy, although the 
cholesterol rose above normal values 
1 hat some relation exists betu een blood destruction and the amount 
of lipoids in the blood uas suggested by Erbcn in 1902 (113) Experi- 
mentally It has been shown tint destruction of red blood cells with 
hemolj tic poisons increased the amount of cholesterol in the blood 
(235) (244) (346), bile (193) and feces (194) Eppingcr (110), howextr, 
was unable to produce an increase of cholesterol with tolu>lendia- 
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mine in rabbits, while Bodansky (58) found the total cholesterol 
diminished in dogs made anemic with diazopropylhydrazine hydro- 
chloride With acetyl phenyl hydrazine variable changes were ob- 
tained Dubm (101) m trypanosome anemia of dogs found the choles- 
terol of the blood decreased 

Wacker (345) also found that cholesterol in the fat was increased 
in carcinoma, chronic sepsis and in metabolic diseases as diabetes and 
in all yellow fat of man It has been concluded that as a rule when 
body cells are destroyed (182) and in parenchymatous degeneration 
(335), cholesterol is increased in the blood and tissues (42) It is 
therefore evident that the low cholesterol values often found in the 
so-called hemolytic aneimas are contrary to what would be expected 
in a disease where destruction of cells plays an important role 

A few suggestive reports of the relation of the lipoids to cell prolif- 
eration are available Cholesterol (218) (296) has been claimed as 
an agent that can increase growth of cells Kipp (179) pointed out 
the hypocholesteremia m acute infections as pneumonia He found 
that the variation of cholesterol in the serum depended upon the 
activity of the leucocytes, as cholesterol was transported by them to 
the area of infection The enrichment of cells of exudates in choles- 
terol has been shown by Halliburton (150) Empyema fluid with 
many pus cells contams two to three times more cholesterol than com- 
paratively acellular fluid In animals subjected to low barometric 
pressuie experimentally, Sundstroem and Bloor (337) demonstrated 
that the lipoid phosphorus was decreased in the blood They sug- 
gested that the enrichment of the erythropoietic organs with lipoid 
material might be the first phase of stimulation of these organs re- 
sulting from the low atmospheric pressure There is also some evi- 
dence that cholesterol may be retained or perhaps deposited in the 
h 3 rperplastic bone marrow of pernicious anemia (292) The possi- 
bility of the utilization of the lipoids m the formation of the enormous 
number of megaloblasts in the bone marrow of pernicious anemia must 
be thought of 


SUMMARY AISTD DISCUSSION 

The question arises as to how an abnormality of the cholesterol 
level in the blood may be brought about From the above review of 
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certain aspects of cholesterol metabohsm it is seen that variable 
results have been reported with regard to the relation of cholesterol 
in the food and the cholesterol m the body The consensus of opin- 
ion seems to be that in herbivorous animals the cholesterol level can 
be raised or lowered in the blood by variation of the cholesterol in the 
diet, while in omnivorous and carnivorous animals an effiaent regu- 
latory apparatus exists and the increase or decrease is temporary 
Thus in man the ingested cholesterol plays but a little part in the endo- 
genous cholesterol metabolism and an abnormality of the cholesterol 
level in the blood is not to be looked upon as a decrease or increase of 
the mass of cholesterol but as an abnormality of regulation The 
organs and cells mainly involved in the cholesterol metabolism have 
been defined, and among these the reticulo-endothelial system plays 
an important r61e, thus explaming the relation to some extent of the 
variations of cholesterol in diseases involving the blood and blood 
forming organs Evidences have accumulated making it practically 
certain that cholesterol can be synthesized in the body, perhaps from 
fatty aads, although the building stones have not been definitely 
identified Destruction of cholesterol in the body, at the present 
time, seems improbable Variations m the cholesterol level of the 
blood and tissues have been assoaated with practically all endocrine 
disturbances, and the relation may become clear with further knowl- 
edge of the various internal secretions, their interrelations and func- 
tion in the body 

In anemic conditions the cholesterol in the blood is decreased in a 
certain percentage of cases, more so in the so-called hemolj tic anemias 
than those due to known causes The low values of the blood choles- 
terol oftentimes seen in anemia have been asenbed to various causes, 
and among others to the decrease of the crytlirocy tes in the peripheral 
circulation It is evident tint other factors play a part as hyperchol- 
esteremia may be observed in severe pernicious anemia and in hemorr- 
hagic anemia Suggestive evidences have been given that in pernic- 
ious anemia the cholesterol level is doscly related to the relapse and 
remission and that the rise of the cholesterol at the onset of the re- 
mission IS called forth by the active principle effective in pcmiaous 
antmia The mode of action of this pnnciple on tlie cholesterol metab- 
olism IS unknown, as no data arc available os to what happens to tin 
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balance of cholesterol at this stage of the disease One may, however, 
speculate as to this mode of action Evidences have been presented 
which indicate that low cholesterol values may be obtained by increas- 
ing the functional activity of the reticulo-endothelial system An in- 
crease of the functional activity of the reticulo-endothehal system 
would explain the low values of cholesterol in the blood m the so-called 
hemolytic anemias m which the increased blood destruction and bile 
pigment formation point to an increased activity of this system of cells 

It certamly is not a mere coincidence that in pernicious anemia the 
blood destruction and bihrubinemia decrease at the onset of the 
remission, while cholesterol increases A decrease of the functional 
activity of the reticulo-endothehal system would explain all these 
phenomena 

Some further evidence pointing to the close relationship between 
the activity of the hematopoietic organs and the level of cholesterol 
in the blood have been obtained by the author in experimental work 
on pigeons (252), m which an increase of cholesterol in the blood was 
closely associated with a decrease of the hematopoietic function, i e , 
a decrease of the functional activity of the reticulo-endothehal system 
in the various organs By correlating the functional activity of the 
reticulo-endothehal system and the level of the cholesterol m the blood, 
facts which now seem obscure may perhaps be explained The hy- 
percholesteremia found in many conditions associated with acidosis 
may thus be adequately explained on a decrease of the functional 
activity and permeability of cells Hueck (165) emphasizes the im- 
portance of the acid-base balance by pointing out that the same 
organs regulating the acid-base balance also regulate the cholesterol 
Many evidences point to a relationship between cholesterol retention 
and acidosis Substances decreasing oxidation and administration of 
acids will cause increase of cholesterol in the blood and deposits m the 
tissues This does not necessarily imply a change m the acid-base 
balance of the blood, but of the tissues, which normally may have a 
different acid-base balance Various diseases with recognized acidosis 
also show a cholesterol retention The disturbance of the acid-base 
balance may, perhaps, also explain the ease with which the cholesterol 
level may be disturbed in herbivorous animals The regulation in 
these firiTrnak of the acid-base balance is not as efficient as in omni- 
vorous and carnivorous animals 
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The increase or decrease of the cholesterol in the blood is probably 
also associated with otlier phenomena Thus the hypercholesteremia 
in hemorrhagic anemias and nephrosis has been explamed on the lack 
of proteins in the blood and the influx of cholesterol and other lipoids 
for the purpose of maintaining the osmotic tension 

An interesting suggestion to explain the vanations found in the 
blood has been advanced by Currie (86) He examined series of 
normal individuals and patients with carcinoma, and found that the 
cholesterol values were loi\ est for all individuals from November to 
January, and highest in the summer months He thinks that seasonal 
variations may play some role 

Another possibility causing a decrease of tlie cholesterol in the blood 
which must be seriously considered is the lowering of the blood choles- 
terol because of its utilization by actively growing cells 

The change of the colloidal state of the cholesterol ma> also be a 
factor increasing or decreasing the facihty with which cholesterol is 
removed from the peripheral blood An increased rate of removal 
may then result in an increased elimination through the bile or deposit 
in the tissues or both as is seen m pernicious anemia 

Future work on this obscure problem may he in a correlation of the 
cholesterol level of the blood to the functional state of the reticulo- 
endothelial system in various diseases, the relation of cholesterol to 
growth of cells and to the concentration of the serum proteins, as well 
as the influence of the physico-chemical condition of the medium 
and tlie colloidal state of cholesterol itself 
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THE CARDIAC OUTPUT OF MAN* 

E K MARSHALL, Js 

Professor of Physsoloiyt The Johns Hopktns School of Medicwe 

“Meanwhile I know and state to all that the blood is transmitted 
sometimes in a larger amount, other times in a smaller, and that the 
blood circulates sometimes rapidly, sometimes slowly, according to 
temperament, age, external or internal causes, normal or abnormal 
factors, sleep, rest, food, exercise, mental condition and such like " 
This sentence published over three hundred years ago by Harvey 
states the problem of the cardiac output and gives qualitatively the 
mam factors which influence the circulation of man Today, we have 
not completely solved this problem in a quantitative way, but in the 
last few years great advances have been made It is a small part of 
this story of the cardiac output of man that I wish to relate tonight 
Tor addressing you on this topic, I feel sufficient warrant in the fact 
that what I shall have to say attempts to advance in a small way the 
work begun by the illustrious one after whom this Society is named 

It has not been due to a lack of effort on the part of a long line of 
investigators of the first rank that the work begun by Harvey has 
progressed so slowly, but rather to certain intrinsic difficulties attend- 
ant upon the measurement of the output of tlie heart of the human 
subject 

We can disregard for our present problem the numerous studies 
which have been made in tlie past hundred years of the cardiac output 
of perfused hearts, heart-lung preparations, and anesthetized and 
operated animals, for the reason that experiments of this type, 
although very \aluable in advancing our knowledge of the physiolog> 
of the heart by showing what it can do under certain controlled con- 
ditions, tell us nothing about its output m the normal animal or man 
There arc, howc\er, three general t>T5es of methods whidi have been 
used m an attempt to solve the problem of the cardiac output in 

' Lecture deUvered before the HaTVC> Soacl>, Isovcrabcr 21, 3929 
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normal animals or man, viz . (a) methods based on the Fick principle 
— direct or indirect, (&) methods based on the rate of absorption 
through the lungs of some foreign gas, (c) measurements by means 
of x-rays of the systolic and diastolic shadows of the heart ^ Since the 
widely divergent results in this field have been due largely to diffi- 
culties and inaccuracies in many of the methods used for estimating 
cardiac output, it is essential that we consider for a few moments 
techmcal details, and give the evidence for the reliability of the method 
with which most of the results to be discussed have been obtained 

Over half a century ago, Fick (15) announced the principle upon 
which many methods have been based As is well known, this consists 
in determining the total quantities of oxygen or carbon dioxide in 
samples of blood taken from the left and right ventricles, and simul- 
taneously estimating the quantity of oxygen absorbed or carbon 
dioxide given ofi by the ammal through the lungs If we do not 
consider the now discredited view held by Bohr and others that the 
lungs are the seat of a considerable oxidation, the theory of the method 
would appear unimpeachable Technical difficulties have, however, 
prevented its very wide application, and frequently detract from 
its accuracy 

The classical investigation by this Fick method is that of Zuntz 
and Hagemann (60) on the horse during rest and work. This was done 
without anesthesia and with only the slight operations which were 
necessary to introduce a sound into the jugular vein and to cannulate 
an artery The important finding that the cardiac output is greatly 
increased in muscular work over rest was the result of this research 
Some years later Barcroft and his coworkers (3) succeeded m carrying 
out experiments on normal unanesthetized, unoperated goats They 
determined the oxygen consumption by the use of a special mask and 
obtained arterial and mixed venous blood by puncture of the left and 
right ventricle with a syringe and needle 

Usmg slight modifications of the above method, it has been possible 
to study the cardiac output of a series of dogs over a period of two 

* A fourtli pnnciple which had been previously used only in animal expenments has 
recently been tned on the human subject (50a) This is an injection method, m which a 
foreign substance is introduced into the venous blood and the cardiac output calculated 
from its concentration m the arterial blood 
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veats (42, 43) Since this method is a much more direct one than the 
various methods ivhich have been used on the human subject, a brief 
presentation of these results may be of interest Of the five dogs 
studied two have shown a fairly constant figure for the cardiac output 
under resting conditions, while the three others have shown much 
more variation It is important to note that the first two animals 
were males, the last three females, one pregnant The most impor- 
tant findings of this study would appear, however, to be the demon- 
stration that the minute volume of the circulation is uninfluenced by 
changes m pulse rate which occur spontaneously or which are pro- 
duced by the use of atropine, and the vanability of the output of the 
heart per beat 

Tile application of this Tick principle has been one of the classic 
lines of attack on the problem of determining the cardiac output of 
man, but the simplicity and directness of the method as used on 
animals, have been lost due to the fact that mixed venous blood cannot 
be obtained and some indirect means of estimating its gaseous contents 
must be used The oxygen or carbon dioxide content of the blood of 
the left ventricle can be easily obtained from a sample of blood drawn 
by arterial puncture or indirectly from the tension of these gases in the 
alveolar air and the dissociation curve of the subject Vanous devices 
have been used in determining the gas tensions in the venous blood, 
but they arc all based on the prinaple of using the lungs as an aero- 
tonometer The pioneer w ork of Loewy and v Schrotter (40), Plesch 
(52) , and especially Douglas and Haldane (1 1) laid down the prmaples 
for the later development of methods of this tjipe 
The second type of method based on the study of the rate of absorp- 
Uon through the lungs of some foreign gas originated with the attempt 
of Ilonistem (6) to measure the rate of elimination of nitrogen from the 
body when pure OYgen is breathed In attempting to use Bom- 
stcin s rncthod Krogh and Lmdhard (33) w ae unable to satisfy them- 
selves of Its accumej. or practicability and devised their well-luiown 
nitrous oxide method based upon the same general prmepfe A 
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this line that a modification of the Krogh-Lmdhard procedure which 
we beheve to be both extremely simple and accurate has been m ade, 
we shall return to its discussion in a moment 

As regards the third general type of method, the use of the x-ray 
shadows of the heart, I can say nothing having had no personal experi- 
ence with it Meek and Eyster (48) at Wisconsin have been mainly 
instrumental m its development and if put upon a practical basis it 
should prove a very valuable aid to gasometric methods as an inde- 
pendent check upon their accuracy and for use in the many physio- 
logical and pathological conditions where gasometric methods fail 

The method of determining the cardiac output which has been 
devised in our laboratory and used m the investigations about which 
I shall speak, is based on a measurement of the rate at which' a foreign 
gas is absorbed durmg the passage of blood through the lungs Vari- 
ous foreign gases have been tried and several of them used m this 
method — ethylene, mtrous oxide and acetylene The use of acetylene 
as proposed by my associate GroUman would appear to render the 
whole procedure extremely simple and of a high degree of accuracy 
As now used in our laboratory the method may be described as follows 
The subject after a period of rest or exposure to some special condition 
under which the determination is to be made, has his oxygen consump- 
tion determined by one of the usual methods He then rebreathes 
from a rubber bag, contaimng a mixture of acetylene, oxygen and air, 
for a period sufficiently long to bring about mixture in the lung-bag 
system (15 to 18 seconds) and a sample is taken in an evacuated tube. 
After 5 seconds more another sample is taken. An analysis of these 
two samples, the barometric pressure, and the oxygen consumption 
give all the data necessary for calculating the output of the right 
ventricle and hence also of the left ventricle For the technical 
details and method of calculation the original papers already published 
must be consulted (44, 20) 

You may well inquire concerning our evidence regarding the 
accuracy and trustworthiness of this or any other method for deter- 
mining the output of the human heart Since the determination of 
the cardiac output in man with any high degree of accuracy and sim- 
plicity has been the crux of the whole problem for many years, we 
must consider the evidence in some detail In the first place, it may 
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J tie d, ! Gildea mdl^ihrop {!*) also rtport results by thismuhoil on 19 milividuab m theljing position which average 3 73 liters 
r^r ^uare meter Held and IJoch (16), on 10 mdividuils l>ing S IS, sitUng 5 94, but give no data for calculating surface area. Turner 
i5/),on -5 indivulua slju\g,3 b9 and sitting, 1 47 btcrspcrsouarcnictcr body surface 
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be said that the underlying assumptions upon which our method de- 
pends have been critically exammed and their validity experimentally 
demonstrated ® In the second place, duplicate determinations made 
on the same subject under identical conditions always agree closely. 
In the third place, determinations on a series of subjects usmg in one 
case ethylene, m another nitrous oxide, and in still a third acetylene 
agree within the experimental analytical errors Lastly, and prob- 
ably most important is the fact that several methods based upon 
different principles give results which are of the same order of magni- 
tude as those obtamed by our method From what we now know 
about the behavior of the cardiac output under different conditions, 
it is clear that in comparing results obtamed by different methods, the 
conditions under which the determinations have been made should 
be identical This has been very rarely realized, as it is now known 
that “standard conditions” for estimating the basal cardiac output 
must be more rigid than those used for basal metabohc rate determi- 
nations, but it IS also now clear that in a series of determmations on 
different individuals in the so-called “basal condition,” the average 
obtained will not be more than a fraction of a liter higher than that 
obtained under rigid standard conditions In table 1, 1 have accord- 
ingly collected all determinations which have been made by any 
method in the basal condition on a series of subjects sufficiently large 
to average out the errors of the method 

It is seen that the average values for the cardiac output m the basal 
condition obtamed by all the different methods with the exception of 
the last, vary only from 2 2 to 2 6 liters per square meter of body 
surface The extremes (2 2 and 2 6) were obtained in our laboratory 
on different series of subjects by the same method and are undoubtedly 
to be e^lamed by the fact that m one case the subjects were taken in 

^ It might appear at first hand that the most satisfactory evidence for the accuracy of 
any method would be estabhshed by checkmg it in animals against the direct Fick pro- 
cedure However, three methods, the nitrous oxide (59), the ethyl iodide (29), and the 
mjection procedure of Moore et al (SOa), which have been found to agree with the direct 
Fick procedure on dogs, all appear to give different results when used on man An 
experience some years ago of checkmg exactly a nitrogen method on dogs with the FicL 
and later findmg the method unquestionably maccurate for man makes me believe that 
such checkmg on animals is less satisfactory evidence of accuracy for man than that 
obtamed m other ways 
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the ordinary basal condition, while m the case of the lower values 
more rigid standard conditions were imposed The higher results 
obtained by the carbon dioxide Fick method of Bock and his col- 
laborators need comment With some subjects the results obtained 
by this method agree perfectly with those by other methods, but w ith 
others the results are distinctly higher No obvious fault can be 
seen in the underlying assumptions of the method, but the facts that 
duplicate determinations may differ rather widely, that this method 
frequently gives a much higher output when lying than sitting or 
standing, and that it gives higher results tlian those of any other 
method, would lead one to question its accuracy 
Many determinations are reported by the ethyl iodide method of 
Henderson and Haggard (28), but I can find no senes which has been 
carried out under strictly basal conditions The results obtained, 
however, are as high or higher than those of the Bock method (e g , 
under neatly basal conditions Culhs, Rondel and Dahl (10) find in 
12 subjects 5 1 to 10 4 liters with an average of 7 5, and Mobitz (49) 
in 11 individuals finds an average of 897 or 493 liters per square 
meter of body surface) ‘ Many investigators (29, 35, 50, 54, 58) 
have, however, disproven the validity of the assumptions involved 
in the etliyl iodide method as originally proposed, and in fact Starr 
and Gamble (55), using wdiat appears to be an accurate modification 
of the ethyl iodide procedure, have obtained on tw o subjects in the 
basal condition results (2 22 and 1 95 liters per square meter of body 
surface) which agree perfectly with those of other methods There- 
fore, we may consider it practically certain that methods are available 
for obtaining essentiallj correct values for the cardiac output of man 
Despite the fact that the average values given on a senes of subjects 
b> several methods agree perfectly, it is quite certain that not all of 
these methods are of equal accuraev in individual determinations 
- anj of them give varying duplicate values where it is certain no 

Compm-ons ol two diflercnt methods ha\T occasiotialb t>ccn made but ool^ on 1 or 2 
7^'*“"’'^°*'*™i^‘'’K™''vlu5ion5lrom«o few subjects 13 well illu<tratedb} the 
wo^ w 1 C has Iren done m the comparison ot this methoil v-Ui others 
ell ^ recent pLblictil.cn state thuit with a mwlif cation of th s 

T , longer obtain high results for the normal carduic output. On 16 mdivi 

ua s at rest, they itatc that the asTrage bj the cthjliodide method is 4 SI, and b> the 
Ivtogh Lin lhard nitrous oxide method, 4 7S liters 
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change is taking place in the circulation, so that, a general conclusion, 
obtained by their use, may be true more in a qualitative than a 
quantitative way 

The first question of prime importance is what is the value for the 
cardiac output of normal man at rest under standard conditions which 
can be easily reproduced It would seem obvious that a large indi- 
vidual and a small individual will not have the same cardiac output 
unless the factor of size is taken into account, but most mvestigators 
have been unable to find any relation to weight, surface area, vital 
capacity or other measurements Rather wide limits have hence been 
given for the normal values of the circulatory minute volume This 
variability of the normal would now seem to be more apparent tliR n 
real and due mainly to two causes, firstly, the inaccuracy of many of 
the methods used and secondly, the fact that “standard conditions” 
for determining the basal cardiac output must be much more rigorous 
than those used for estimating the basal metabolism Thus psychic 
influences, previous physical exercise, and external temperature 
changes which may have httle influence on basal metabohsm will 
decidedly affect the cardiac output of many individuals A long 
tedious street car ride to the laboratory even if a long rest period is 
used afterwards may result m an elevated value for this function (24) 

Burwell and Robinson (7) found the cardiac output per square meter 
of body surface to be 1 9 to 2 5 hters m 8 of their 11 subjects, the other 
3 showmg higher values Hayasaka (27) in his 7 normal subjects 
found 1 9 to 2 6 hters per square meter as the cardiac output Groll- 
man (24) in our laboratory exammed 50 young adults in the third 
decade of life under “standard conditions” and found the circulatory 
minute volume to be 2 2 ±0 3 liters per square meter of body surface 
or about as constant as the basal metabohsm. This is an extremely 
important contribution as, when extended to mclude other age groups, 
it win permit us to predict the basal cardiac output of any individual 
as accurately as is now done for basal metabohsm, and to find shght 
deviations in disease which have been previously impossible to deter- 
mine with any certainty 

As this series of 50 normal individuals is by far the largest reported 
under standard conditions and as I believe the standard conditions 
to have been most satisfactory for determining the basal value of the 
cardiac output, I give a summary of this work in table 2 
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This table then gives •nhat we may call the normal values for the 
basal cardiac output for young adults It is seen that the arterio- 
venous oxygen difference is the most constant and the cardiac output 
per unit of body surface the next in order of constancy One cannot 
use, however, the arterio-venous oxygen difference as a measure of 
the normalcy of the heart output, because under many conditions it is 
found that this may remain constant with a changing or changed 
cardiac output, or may be increased with an unchanged output It 
would appear best to relate the cardiac output to surface area and to 
calculate the expected normal in the same way as is commonly done 
for basal metabolism 


TABLE 2 

Basal cardiac output of 50 normal youn^ adults 
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From what has been said regarding the constancy of the basal 
cardiac output per square meter of body surface of different indi- 
viduals, it IS clear that this function must also be constant for any 
given indivndual at different times In spite of the fact that many 
results have been reported of the variability of the heart output in 
some individuals when determined on different day’s and although we 
ourselves have reported this finding, it appears now that this variability 
is due to the fact tliat the conditions under which the estimation is 
made arc not sufficiently controlled to obtain a true basal v’aluc 
The lowest value found in such a varying scries of determinations will 
be found to be the true basal v aluc As direct c\ idence in this regard, 
I mav si\ that my associate, Grollman, has now follow td the cardiac 
output of two individuals for a period of over a yvar and finds that 
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when taken under rigidly controlled standard conditions, it is quite 
constant in both One of these individuals was previously reported 
as having a vaiying output on different days Thus, his basal output 
is 3 9 ±0 2 liters, but it can rise to 4 5 liters if the standard conditions 
are not rigidly maintained 

Since it has been shown that the basal metabohsm of different 
mammals is the same per unit of surface area, it is interesting to inquire 
whether the same is true of the basal cardiac output of different 
animals Table 3 includes the data that can be collected for unan- 
esthetized animals of different species The average cardiac output 


TABLE 3 

Cardiac output of different animals 
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TTcrxf 

OBSEBVEB 


hters ter 
mtnule 

hlers per 
rrxnute 

calories per 
24 hours 1 

calories per 
24 hours 


Man 

2 62 

2 02 

1,042 

902 

Marshall and Grollman 
(44) 

Dog 

2 86 

2 02 

1,039 

983 

Marshall (43) 

Goat 

3 07* 

1 77 


1,200 

Barcroft et al (3) 

Rabbit 

1 69 

1 33 

776 

880 

Odaira (51) 

Horse 

5 84 

1 46 

948 

i 

2,700 

1 

Zuntz and Hagemann 
(59) 


* Surface area calculated from constant 0 115, between sbeep and calf 


per square meter of body surface (calculated from Meeh’s formula), 
the cardiac output per 100 cc of oxygen used, the basal metabohsm 
taken from Voit’s table, and the average metabolism found during 
the cardiac output determinations are given 
It IS seen that with the exception of that of the horse, the values 
per square meter of body surface are of the same order of magnitude 
During the experiments the horse’s metabohsm was almost 300 per 
cent above the basal which explains the abnormal value Consider- 
mg the many errors which may be present to vitiate results in attempt- 
ing to make such a comparison as the above, it would seem that the 
basal cardiac output per square meter of body surface may be almost as 
constant for different mammals as is claimed for the basal metabolism 
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A remarkable supposed effect of posture on the cardiac output has 
been claimed by several observers, some finding that the heart may 
pump twice as much blood when the subject is recumbent as uhen he 
IS m the erect position Lmdhard (38) first announced this effect of 
posture, but limited its operation to female subjects, males being 
unaffected Collett and Liljestrand (9) apparently confirmed the 
effect in the case of 1 female subject, but a careful examination of the 
variability of duplicate determinations m these two papers, as well as 
the fact that subsequent investigators using the same heart output 
method find very low values for the recumbent position makes one 
hesitate to accept the finding Recently extensive work has been 
carried out on the effect of posture Observers (16, 34, 57), using the 
carbon dioxide method of Bock and his associates, find m general a 
marked influence which appears to be confirmed by the results obtained 
with the ethyl iodide method The latter metliod, however, cannot 
be used as evidence, and, indeed, Starr and Gamble (55) with their 
modification of it find such low values for the lying position that it is 
difficult to conceive of them decreasing for other positions 

A remvestigation (19) of the posture question in our laboratorj, 
by the method of Marshall and Grollman, has presented strong evi- 
dence that the effect docs not exist or is quite negligible On 10 
subjects the average values for the cardiac output were, recumbent, 
3 83, sitting, 3 65, standing, 3 62 liters per minute This has now 
been further confirmed (25) by usuig two entirely different methods 
on 4 subjects The acetylene metliod gives as averages for the Ij mg 
position 3 72, for the sitting 3 44, and for the standing 3 33, wliile the 
triple extrapolation method (53) based on the Tick principle gives 
lying 3 67, sitting 3 60, and standing 3 72 liters A glance at [table 1 
also confirms this general conclusion, for it is seen that the averages 
of different methods agree (with the exception of that of Bock) witli 
each other, independent of whether or not the subjects liav'c been 
examined in the recumbent or sitting position One maj take it as 
established, therefore, that the position of the subject is without 
influence on the cardiac output 

Two important conclusions, however, arc implied in this coiistancj' 
of the heart output with change of jiosition In tlic first place as is 
well known, the pulse rate is considerablv higher m the standing Uian 
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in. the recumbent position, so that the systohc output varies with the 
position of the subject Secondly, the oxygen consumption is much 
greater in the standing position, so that the arterio-venous oxygen 
difference and hence the oxygen utilization rises from its value in the 
sitting or lying posture 

Ever since the time of Lavoisier, it has been known that the inges- 
tion of food results in an increased oxygen usage by the body, and a 
great deal of knowledge about this effect has been obtained As 
regards the cardiac output, however, very few studies of the influence 



Fig 1 Efject of iNOEsnoN of Food on the Cahdiac Ohtput 

The broken line represents the cardiac output after ingestion of a very hght meal and 
the sohd line after ingestion of a very heavy meal The sohd black rectangle represents 
the time taken in ingesting the light meal and the hght rectangle m the ingestion of the 
heavy meal 

of food have been made Previous studies (9, 13, 31), due to large 
accidental errors in the methods employed have only demonstrated 
the fact that the ingestion of food increases the heart output. Recent 
studies (22) in our laboratory, however, with the very accurate 
acetylene method give us clear information concernmg the time rela- 
tions of the effect of the ingestion of varying amount of food Figure 
1 illustrates the main findings It is seen that there occurs a very 
prompt rise in the cardiac output, which may remain at this high and 
practically constant level for 1 to 3 hours depending on the size of the 
ingested meal The return to the normal basal value is much quicker 
in the case of a light meal than a heavj’' one, the latter frequently 
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show mg its effect 7 hours later Even the ingestion of large quantities 
of fluids (water and salt solution) may increase the cardiac output, 
the rise usually being around 10 per cent, but occasionally as much as 
SO per cent aboA e the basal value (21, 31) 

It IS well known that the circulation in the skin vanes with the 
temperature of its surroundings It is not clear, however, whether 
this change in circulation is brought about by a change of cardiac 
output, by a redistribution of blood in the body, or by both Lind- 
hard (39) studied the effect of hot and cold baths and found an increase 
in cardiac output in three out of four subjects eAposed to 41° to 42°C , 
and in two out of four subjects a decrease when put m a bath at 15° 
to 17° Barcroft and Marshall (4) m one of the two subjects studied, 
found a constant increase on exposure to warmth, and also an increase 
in circulation with exposure to cold which just produced shivering 
Although the general conclusions of these observers would appear 
to be correct, the errors incident in their methods and the lack of 
properly controlled conditions for their experiments make it advisable 
to repeat and extend this work From work now in progress we can 
definitely say that exposure to cold not sufBaent to produce shivering 
decreases and exposure to heat increases the cardiac output How- 
ever, since w e might expect this response to external temperature to be 
subject to more individual vanation than some of the otlicr effects 
which have been discussed, more subjects must be studied over a 
wide temperature range before final quantitative conclusions can 
be drawn 

Another factor which may change the cardiac output and which 
has been emphasized (9, 13) without completely satisfactory evidence 
in the past, is the emotional state of the subject It is w ell know n to 
all of you that marked rises in pulse rate and blood pressure can be 
caused by psychic disturbances, but it is less clear as to whether these 
changes are of vasomotor or cardiac origin Some cxiicnmcnts (23) 
recently carried out in our laboratory have clearly shown tliat the 
rise of blood pressure is partly at least cardiac in origin or m other 
words that psychic disturbances may cause an increase in the cardiac 
output In the senes of individuals studied, however, it was found 
that the pulse rate and blood pressure always showed concomitant 
increases, mild disturbances which do not affect these cau^e no change 
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in the circulation rate These results emphasize the importance of 
avoiding psychic disturbances when the basal cardiac output is 
being determined, and also indicate that by following the blood pres- 
sure and pulse rate information can be obtained as to whether or not 
the true basal cardiac output is being estimated 
Turning now to a discussion of the cardiac output during muscular 
exercise, I find that a survey of the literature on the subject leaves 
me with a feehng that much more work must be done before many of 
the conclusions which have been drawn can be finally accepted That 
the heart pumps more blood during muscular work than when the 
organism is at rest was definitely decided, as you well know, at the 
end of last century by the experiments of Zuntz and Hagemann (60) 
on the horse Other important questions, such as the extent to 
which the systolic output can rise over its basal value, the proportion- 
ality of the circulatory minute volume to the oxygen consumption, the 
efiect of trainmg, the difference in cardiac output with different types 
of work of the same severity as judged by oxygen consumption cannot 
be answered with certainty at present Aside from the fact that large 
errors are inherent in many of the methods used in the past, it is by 
no means certain and, m fact, very improbable that most methods 
can be used with any accuracy at all except in very mild exercise 
This IS a technical but mherent diflaculty due to the markedly mcreased 
circulation rate and applies to our own method That the systohc 
output IS increased during exercise is implied m the acceptance of the 
low values herein given for its basal value, by no other means could 
the amount of oxygen known to be absorbed at the lungs during 
exercise be transported to the tissues Indeed in dogs, I found that 
the hght muscular exercise involved in shivering may cause the 
systolic output to be doubled (43) In man, it is certain that the 
systohc output can vary change of posture, mgestion of food, varia- 
tion of external temperature, administration of atropme and many 
other factors can change the output per beat Several investigators 
(5, 39, 46) have concluded that during exercise the cardiac output 
varies directly with the oxygen consumption, the utilization, therefore, 
bemg constant However, m the normal unanesthetized dog, changes 
of 30 per cent or more may occur m the oxygen usage with no change 
in the circulation rate This, together with the fact that the metabo- 
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lism may rise markedly on standing, which may be considered \ery 
light exercise, over its sittmg level with no change in heart output, 
makes me think that m very mild exercise the increased oxygen may 
be supplied to the tissues more by an increase in utilization than by an 
increase in heart output 

The necessity of having an extremely accurate method for esti- 
mating the cardiac output of man and of rigidly controlling the 
conditions under which the determination is made is well shown in 
determining the changes which occur at high altitudes or under 
diminished oxygen pressure It seems quite reasonable to suppose 
that the circulation should participate in the many compensations in 
the body which take place at high altitudes, but previous investigators 
(2) have not found such expected changes m the cardiac output This 
past summer, Grollraan from my laboratory went on an expedition 
to Pike’s Peak, Colorado, for the purpose of studying the heart output 
under these conditions with the verj' accurate acetylene method The 
results show clearly that the basal cardiac output is increased dunng 
the first da>s of residence on the Peak, but soon returns to normal 
The maximum increase found was about 40 per cent Subsequent 
experiments (25) in the laboratorj have shown that the breathing of 
low oxjgcn mixtures does not produce an immediate increase in 
cardiac output until tlie inspired oxygen is decreased to about 11 
per cent 

At this point, I cannot resist saying a few words about the problem 
of the regulation of the cardiac output of the human subject concern- 
ing which, however, our knowledge is meager Such knowledge as 
we possess has been obtained chiefly from acute experiments on 
animals That we cannot transfer bodilj to man results and conclu- 
sions obtained by such experiments on the regulation of the circulation 
of animals, espeaally if these hare been anesUietizcd and operated 
upon or converted into “pieces of animals” for better control of 
variables, stems to me to be certain beyond question Nevertheless, 
just this IS being more or less unconsciouslj done cveo daj As 
Haldane has so ablv maintained, if we wish to learn about liuman 
physiology, we must experiment on the human subject 

Tint tl’c regulation of the heart and circulation i> a double regula- 
tion-nervous and chemical — similar to that of most systems and 
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organs in the body seems certain However, we know very little 
about the chemical regulation and the very extensive and detailed 
data concerning the nervous regulation have practically all been 
obtained on operated and anesthetized animals The difficulty and 
danger of this transfer without reserve of the conclusions obtained 
from such data to normal animals or man may be best illustrated by 
giving concrete examples As has been earlier stated, in the normal 
unanesthetized dog at rest, changes in pulse rate of 100 per cent or more 
produce no change in the circulatory minute volume of the heart (42, 
43), while if the same type of experiment is repeated on the urethanized 
and operated animal, the usual effect of changes in pulse rate is found 
to be corresponding changes in the minute output of the heart (56). 
Another example is the finding of Cannon and Lewis (8) that in 
unanesthetized cats, “with accelerator influence alone active, the 
heart rate varies greatly as they change from rest and cahn to activity 
and excitement In such animals anesthesia increases the rate to a 
point below the maximal and there fixes it, so that reflex and direct 
stimulations have little or no influence ” Many more examples 
could be given not only in the circulatory field, but in other parts of 
the wide realm of Physiology. 

We know now with certainty that ingestion of food, changes of 
external temperature, psychic disturbances, lowered oxygen tension 
m the mspired air, and muscular exercise do all change the cardiac 
output, but we are at present far from understanding the mechanism 
by which these changes are brought about It is, of course, obvious 
that the output of the heart cannot exceed its input, hence where the 
cardiac output is increased the input must be also increased. But 
whether this increased venous return to the heart is brought about 
primarily by changes in the cardiac mechanism, by alterations in the 
blood vessels, or by both cannot be determined with certainty 
at present 

As regards the nervous factor in the regulation of the heart, it is 
easy to see how the inhibitory and accelerator nerves can, by increas- 
ing pulse rate, act during exercise, when as large a pumping capacity 
per minute as possible is demanded, but it is also certam that changes 
in heart rate need not be accompanied by any change in the minute 
volume of blood expelled To say, as is done in most text books. 
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that the pulse rate changes are in accord ■« ith Marey’s Law to keep 
the mean arterial blood pressure constant, is ob\uously useless when 
one IS dealing with the normal unancsthetized animal or man, where 
such pulse rate changes cannot influence the mean arterial pressure 
However, in many conditions the cardiac output per mmute is so 
regulated as to keep the arterial blood pressure fairly constant Thus 
when vasodilatation or vasoconstnction of peripheral vessels is 
brought about by changes of external temperature, the cardiac output 
increases or decreases so that tlie arterial pressure is not changed 
The experiments of Gaisbock and Jarisch (19) show that after adminis- 
tration of sodium nitrite the heart output is increased and the blood 
pressure unchanged These same observers (30) studying the 
mechanism by which the increased arculation in exercise is produced, 
found that no low enng of blood pressure resulted from the hyperemia 
following anemia of several extremities, but a marked increase of 
cardiac output From what has been said, it is obvious that the 
sjstohc output frequently vanes inversely as the pulse rate but 
regarding the mechanism of this change m strength of heart beat 
there is no due One might think at once that this is solely an opera- 
tion of Starling’s “Law of the Heart” — that the strength of beat is 
proportional to the diastolic size, but the diastolic size may remain 
unchanged while the pulse rate increases from 55 to 110 per minute 
(47) This fact taken together with certain findings on the'diastolic 
size of the heart during and after exercise (41) brings up the question 
as to whether or not the “Law of the Heart” is a law at all for normal 
animals or man 

In regard to the chemical control of the circulation, when we have 
recalled the stimulating action of adrenaline (14) on cardiac output 
there is little more that is certain to add It is true that several 
authors (5, 11) have attempted to show that the circulation is regu- 
lated by the hjdrogen ion content of the arterial blood, just as the 
respiration is, or ratlier as it was supposed to be But such evidence 
as exists for this vaew has been obtained on morphimzcd (26) and 
anesthetized animals (12) and docs not agree witli observations made 
on the normal unancsthctizcd dog (42) or man (36, 39) 

Should some of jou still feci that I have overemphasized expen- 
mcnls on the normal unanesthetizcd animal or human subject, i.hcre 
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many claim that the variables are too numerous for a good experiment, 
to the exclusion of animal experiments where conditions are controlled 
at the expense of anesthetics and operative procedures, I can only recall 
for you again the dangers of transferring conclusions obtained in this 
latter type of experimentation to the normal animal or human being 
It is remarkable that so much of this has been done in spite of the 
fact that over 30 years ago Pavlov taught us how misleading this 
type of experiment could be in regard to the digestive glands, and in 
spite of the warning contained in the writings of Haldane m England 
and Yandell Henderson in this country m this regard 
You might naturally expect me before this audience at least to touch 
upon the important problems of the changes m cardiac output brought 
about by disease However, it appears at present impossible to say 
very much along this line which would stand the test of time. A 
considerable amount of literature exists upon this subject, but a perusal 
of it leaves one with the feeling that the time is not yet ripe for many 
definite conclusions The most suggestive data have been obtained 
m cases of hyperthyroidism, fever, hj^pertension and anemia The 
main difficulties would appear to be the use m the past of methods with 
large accidental errors, the lack of proper attention to maintaining 
standard conditions for the determmations, and the lack of repeated 
determinations on the same subject throughout the course of a disease 
Another point which I cannot refrain from advancing in the nature 
of a warning is the fact that the validity of the fundamental assump- 
tions underlying any method now used for determining the cardiac 
output of man must be carefully scrutinized in every new type of case 
where one changes from working on the normal to the abnormal indi- 
vidual In many cases much tedious work along the same lines which 
have been pursued in developing a method for the normal subject, 
must be carried out before the trustworthiness and accuracy of the 
method can be gauged for the pathological subject The careful 
investigation with all necessary controls of a single pathological 
condition will carry much more weight with careful critics than the 
publication of large masses of statistical data concerning many differ- 
ent diseases This situation is unfortunate, but I see no escape until 
we have learned more about the use of the newer heart methods in 
studying disease, if we are to bmld firmly upon the foundation which 
Harvey left ns 
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portation is necessary. This function is performed by hemoglobin, 
which, through its special properties has made possible hfe on a scale 
higher than that of cold-blooded animals 
A simple solution of hemoglobin in the concentration m which it is 
found in the blood, would, however, as Barcroft pointed out (7), have 
certain physical properties which would make its occurrence in the cir- 
culating fluid extremely deleterious to the organism It would have 
an osmotic pressure of more than 100 millimeters, it would add materi- 
ally to the viscosity of the blood, it would tend to stagnate along the 
capillary walls and possibly diffuse out mto the tissue spaces The 
enclosure of hemoglobin in special cells, capable of efficiently trans- 
porting it, readily overcomes these disadvantages 
The erythrocyte in man and in all the other mammalia with the 
exception of the group Camelidae, is an extremely small, biconcave, 
disc-hke body Hartridge (92) has pointed out that the unusual shape 
of the red ceU has certain physiological advantages Thus, the surface 
exposed is larger for a given bulk Gough (70) has calculated that in 
the corpuscle no point in the interior is distant more than 0 SSfx from 
the surface, whereas, if it were spherical, not only would the center be 
2 5fi from the surface, but the surface of the corpuscle would be 20 per 
cent smaller Again, the form of the red cells is such as to allow the 
contents to become saturated in all parts of the corpuscle at the same 
time If the cells were flat discs of umform thickness, the peripheral 
parts would become saturated earlier than the central portion As a 
result of the biconcave shape penetration is uniform 

Water (about 61 per cent) and hemoglobin (about 36 per cent) make 
up the main bulk of the red blood corpuscle Small quantities of 
phosphatides, cholesterol, glucose, urea, creatmine, uric acid, gluta- 
thione, thioneine, adenine-ribose-nucleotide and various morgamc ions 
including potassium, chloride, magnesium and phosphate make up a 
little more than 2 per cent of the corpuscle (26) Of the metals, iron 
is the well-known constituent of hemoglobin Copper, according to 
Elvejhem (54), is present in the red cell but not in the hemoglobin 
portion Cameron (26) has calculated that the red corpuscle con- 
tains approximately one million milhon molecules 

Since the early days of microscopy, opinion has fluctuated regard- 
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ing the fluid or solid nature of the red corpuscle Schwann, Schafer, 
and many other physiologists have strongly maintained that the red 
cell IS composed of a membrane containing a fluid or semifluid sub- 
stance Scliafer (182) bases his conclusions on the following premises 

(1) in hypotonic solutions red cells assume a globular form, nhereas a 
solid body imbibing water nould, m swellmg, retain its former shape, 

(2) as the corpuscles circulate in the capillaries slight variations of 
pressure cause distortion, which would be impossible if they w ere solid , 

(3) in the corpuscles of ovipara the nucleus readily becomes displaced 
Gough (70) offers another premise for such a conclusion, namely, 

that hemoglobin crystals separate freely in the interior of a corpuscle 
He considers tlie contents to form a hydrophilc (i e emulsoid) colloid 
system, and the surface film to contain lipoids m a solid state, as is 
shown by the microscopic appearance of “ghosts,” and by “the agglu- 
tinating action of polyvalent kations in extremely dilute solutions ” 
The great stumblmg block which has pre\cntcd the acceptance of 
the fluid hypothesis is that stated by Hew son (99) and Rollett (174), 
“How can one imagine that a bladder with a flexible membrane and 
floating in a liqmd should assume a discoid shape’” Of importance in 
this connection are the observations of Rice (172) who found that the 
partides of a leathin emulsion m water assume the same form as 
mammalian red cells, being circular discs which are dumbbell-shaped 
in cross-section, and varying in diameter from 5 to lOn These find- 
ings suggest that red corpuscles are rather inert bodies w hose form and 
dimensions depend upon the phjsical forces at work in the medium in 
which they are suspended (55) Thus, according to Gough (70), the 
shape of the red cell is the result of two sets of forces (a) tension of 
liquid surfaces tending to cause a spherical shape, (i) repulsive forces 
between the dispersed particles of the corpuscular contents v hicli tend 
to cause the flat shipc 

Geometrical considerations lead Ponder (157) to conclude that the 
red cell is a balloon like bodv with a membrane and a liquid content 
ft IS ratlicr gcnerall> belies cd that the "surface membrane” is made 
up of lipoid substances Experiments on the electrokinctic propertic-s 
of red blood cell suspensions, however, lead Olncr and IJamard (14-1) 
to behexe that the red corpuscle jiossesses a surface of globulin 
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2. THE SIZE OE THE ERYTHROCYTE 

It is possible by various methods to determine the diameter, volume, 
and thickness of the red corpuscle These methods will first be briefly 
discussed and normal values given 

a. Diameter of the erythrocyte 

Methods of measurement Price-Jones (161) uses blood smears, 
dried in the air and fixed and stained in Jenner stain for two minutes 
and in a weak aqueous solution of eosin for another two minutes The 
image of the microscope field is projected on to a sheet of paper the 
magnification of the cell image being known. A thin portion of the 
film having been chosen, the red cells are outlined m pencil and two 
diameters (maximum and minimum) measured, the mean of these 
being accepted as the diameter of the cell Price-Jones measures 500 
cells in this way. Ponder and Millar (159) measure diameter by 
photographing, under suitable optical conditions, cells in plasma and 
measuring from the negative 

Both of these methods are obviously very laborious. They have 
the merit of relatively great accuracy. Frequency curves of the oc- 
currence of red cells of various sizes can be plotted and an accurate 
and valuable conception of the degree and extent of variation ip size 
can then be derived 

An ocular micrometer which can be placed into the eyepiece of any 
microscope has been devised and is very popular This micrometer 
can be calibrated by means of a slide micrometer for the particular 
tube length and lenses employed The cells in the thin portion of a 
blood smear, stained in the usual manner, are measured by simply 
bringing them under the scale of the micrometer ocular Two diame- 
ters (maximum and minimum) of all cells coming under the scale can 
be measured or, as is more often done, one diameter of all round cells 
appearing under the scale, is measured This method is very simple 
and readily available. Accuracy, however, is sacrificed for simplicity. 

Diffraction methods, first discovered by Thomas Young in 1823, 
have recently been employed for the measurement of the diameter of 
erythrocytes by Pijper (151) (diffraction micrometer), Millar (134), 
Emmons f56) (eriometer), and Eve (58) (halometer). These methods 
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are based on the principle that when a beam of white light is sent 
through a blood smear it is broken up (diffracted) by the blood cells 
into the spectral colors From the distribution of the colors the mean 
diameter, the degree and qualitj of anisocytosis, and the degree of 
poikilocytosis of the red cells can be determmed The mean diameter 
of a large number of cells (a million) is determmed and also the mean 
diameter of both the largest and smallest cells which are present in the 
smear m considerable number are given Pijper (151) says, “The 
application of the method is simpler than the description,” and re- 
quires no more time than the estimation of hemoglobin However, 
these methods only measure the size of the corpuscles in mass and give 
average figures only Variability cannot be accurately determined 
They are very convenient for quickly fmding the mean diameter and 
are useful m follow ing changes in average diameter in the same patient 

Normal cell diamelcr There is some variation in normal average 
cell diameter as reported by different investigators This is probably 
largely due to differences in the technic employed Pnee-Jones (161, 
163) found in 100 healthj adults a mean diameter of 7 20/i He con- 
cluded that the normal range of mean diameter is 6 69/i to 7 72/i The 
variation in the size of the cells, as expressed by their coeffiaent of 
variation, was 5 2 per cent The extremes in size noted in the 100 
presumably hcalth> individuals were 4 75p and 9 50;i Gunther (86), 
in Germany, found practically the same range in normal mean di- 
ameter (6 8)1 to 7 6;i) Using an ocular micrometer, Grosh and Stifel 
(81) found a mean diameter of 7 42;j The greatest difference betw een 
the largest and smallest cells was 3 2;i By a similar method Bell 
ct al (11) found a mean normal diameter of 7 7/i, the smallest and 
largest cells measuring 5 3^l and 9 9/i rcspectivclj Wiecliman and 
Schurmejer (208), and Ohio and Gisevius (142), found an a\erage 
diameter of 7 9/i, Medearis and Minot (132) 7 55;i, Pohlc (.153) 7^p 
andWischcnewsky (222) 7 2;i 

There has been some discussion regarding the diameter of cells in 
drj' smears as compared watli that found in moist preparations 
Pncc-Jones (161) found dr) cells to be somew hat smaller than cells 
m moist preparations although dianges observed in tlic tv o prepara- 
tions were parallel Ponder and Mil]ar(lS9) photographed and meas- 
ured cells in plasma and found a mean diameter of S 8 ^, 1 0,i larger 
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than that of dry erythrocytes This unusually large diameter is 
questioned by Emmons (55) who emphasizes the technical difficulties 
of measuring cells in plasma Emmons found cells in plasma to be 
actually smaller than in the dried state Wiechmann and Schurmeyer 
(208), CoUatz (33), and Ohno and Gisevius (142) observed no difference 
between dry and moist cells Jorgensen and Warburg (109) report 
an average diameter of 7 7/x in moist preparations, while Holler and 
Kudelka (103) found an average of 7.6/ii Measuring cells of venous 
blood in which clotting was mhibited by means of hirudin, Gram (75) 
found an average diameter of 7 8 m He used an ocular micrometer and 
made no selection of cells McCormick (131), hkewise using an 
ocular micrometer, measured cells in blood diluted with Hayem’s 
solution and found an average diameter of 7 32 m 

This rather wide variation in the reported normal cell diameter 
emphasizes the importance of determmmg the “normal” for the technic 
one employs 

b Volume of the erythrocyte 

Methods of measurement No direct means of measuring the volume 
of the er3dhro(yte with any degree of accuracy has yet been described 
From the thickness of red cells, as deterimned by measurement of 
cells in rouleaux, and the diameter, the volume can be approximately 
calculated. In makmg such calculations allowance must be made for 
the peculiar biconcave shape of the red cell Various formulae, such 
as that of Ponder (156), have been devised but none are entirely 
satisfactory 

By indirect methods, on the other hand, mean corpuscular volume 
can be determined with ease and relative accuracy The size of the 
red cells of any sample may be detenmned in relation to an arbitrary 
normal by the volume index method of Capps (28), or the mean cor- 
puscular volume may itself be calculated by dividing the volume of 
packed red cells per 1000 cubic centimeters of blood by the number of 
cells per cubic rmllimeter (expressed m millions) The resulting value 
expresses the average volume of the red cells m cubic nucrons (213, 
218) 

As an index of the mean size of cells m any sample, volume deter- 
minations appear to be superior to diameter measurements in several 
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respects Thus, the> arc simple and readily available, the volume of 
packed cells being determined by means of a suitable hematocrit 
(215) Again, since alterations m the size of cells probably take place 
in all dimensions, differences in size too small to be significant t\hcn 
only cell diameter is measured, are magnified and readily appreciated 
when the volume of the cells is calculated Of the ti\o methods of 
volume determination, the calculation of corpuscular volume in cubic 
microns is to be preferred to the determination of volume index For 
the latter determination arbitrarily fixed “normal” values for volume 
of packed red cells and number of red cells are necessary It is 
impossible to fix an accurate single normal value for these blood con- 
stituents since there is a wide TOnation in healthy individuals, and 
besides, there are significant differences between the tuo sexes In 
the calculation of corpuscular volume no arbitrary standard is required, 
and, in fact, a normal variation is recognized There is the additional 
advantage that, since the volume of the cells is expressed directlv in 
cubic microns and not as an index, the actual size of the cell is more 
easily xnsualized (218) 

The chief defect of these methods for the determination of the volume 
of red cells is that they offer no conception of the extent of amsocytosis 
IVhere accurate knowledge in this respect is required, the calculation of 
mean corpuscular volume cannot replace the more time-consuming 
method of measuring the diameter of a large number of cells How- 
c\ cr, information concerning variation m the size of cells more accurate 
than can be determined by a feu minutes’ examination of a smear is 
rarelv necessary m dinical work In actual practice, the calculation 
of mean corpuscular volume has proved to be of distmct value (218, 
219, 220) 

Nor/nal corpuscular volutre On the basis of determinations with 
models of high magnification, Starling (195) gives the normal cor- 
puscular volume as 7 22 X 10“*' cc Tlie average volume os calcu- 
lated from simultaneous hematoent determinations and red cell 
counts IS 85 cu n and vanes from 75 cu n to 95 cu u (cc X 10***) 
(218) 

c Thcl ness of the cry lhroc% tc 

McDods of trcasurcmcnl Obvaous difficulties ansc in the mcasurc- 
rrent of red cell thicl ness Cells maj be measured directlv as thev 
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lie in rouleaux, their maximum thickness being estimated in this way. 
Again, by calculation from a known diameter and volume their mean 
thickness may be determined. On the assumption that the red cell 
is a short cylinder, the average corpuscular thickness can be determined 
by the fromula. 



where T is the corpuscular thickness, CF the mean corpuscular volume, 
and D the mean cell diameter Both of these methods are obviously 
defective 

Normal corpuscular thtckness Measurmg cells in rouleaux Emmons 
(55) found a maximum corpuscular thickness of 2 05m, while by the 
indirect method, using the above formula, he found an average of 
1 84 m Emplo 3 ang the latter method. Gram (75) found the same 
value in five female and three male individuals, while I have found a 
mean corpuscular thickness of 1 65m in eight individuals whose cor- 
puscular volumes and cell diameters were normal 

d. Yanakon in the size of the erythrocyte %n health 

1 Age There is general agreement that at birth the red cells are 
larger than those found in adult life Saragea (179) found an average 
diameter of 8 62m at birth and a degree of anisoc 3 d;osis distinctly 
greater than that observed in adults Bomer (19) reports mean 
diameters ranging from 9 12 to 8 24m and averaging 8 63m in infants 
one to fifteen days old, while Silvette (192) found an average diameter 
0 24m greater than that found in adults (7 45m as compared with 7 21m) 
The cells of infants have been found to be distinctly larger than those 
of their mothers (208) Borner (19) found no reduction in size during 
the first fifteen days of life Saragea (179) observed a gradual de- 
crease in diameter until the age of two years when a very gradual 
increase commenced until the diameter of adult life was reached 

The work of Haden and Neff (89), and that of Mitchell (136), who 
determined the number of red cells and the volume of packed red cells 
in infants, likewise indicates the greater size of cells at this age 
Calculations from data for sixty-nine infants, supphed by the latter, 
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show an average corpuscular volume of 109 cu p m the first day of 
life, 116 cu II in the third day, 110 cu m the seventh day, and 104 cu 
p by the tenth da> 

In adults there appears to he no correlation between the size of the 
red cells and the age of the individual (162) Price-Jones found that 
an increased cell diameter m the aged was usually assoaated with 
some degree of emphysema (162) 

2 Sex Although Ohno and Gisevius (142) found the mean 
diameters of the cells of women somewhat higher (7 91m) than those 
of men (7 77m) the work of Price-Joncs (165) and of Wiechmann and 
Schurmeyer (208) bnngs no evidence that there are sigmbcant differen- 
ces beta een the sexes Corpuscular volume values m men and women 
are almost identical (218) 

3 Diurnal vanatwn Pnee-Jones (161) has demonstrated that 
there is a gradual increase in the diameter of the red cell dunng the day 
and a diminution during sleep He noted variations sometimes 
amounting to as much as 0 6m Wiechmann and Schurmeyer (208) 
likewise have observed a diurnal variation Hadcn (88), measuring 
corpuscular volume, was unable to confirm these observations, while 
hlills (135) reports an increase of cell volume during the day 

4 Exercise Violent exercise was found by Pncc-Joncs (161) to 
produce an increase in diameter of over 0 55m and a later diminution 
of about the same amount Similar effects w ere noted by Wiechmann 
and Schurmejer (208) 

5 Reaction of the blood Pricc-Jones (161) has attributed these 
alterations in diameter to differences in the reaction of the blood 
Experiments in vitro in which carbon dioxide, lactic aad, or sodium 
carbonate was added to defibnnated rabbit’s blood, shorved that red 
cells swell with an increase of aciditj and shrink when the blood is 
made abnormally alkaline Likewise tlic mean diameter decreased 
with forced breathing but rapidly returned to normal with carbon 
dioxide reacaimulation 

Wiechmann and Schurmej'cr report (208) the a\ erage cell diameter 
to be less in arterial than in venous blood In tlie first drop of capillary 
blood, according to these workers, mean diameter is similar to that in 
acnous blood while m subsequent drops from deeper wounds the 
diameter is more liVc that of arterial cells In general thtj corrob- 
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orate the conclusions reached by Price-Jones (161) as also do Bell, 
Thomas and Means (11), and Burger (24) On the other hand, 
Dryerre et al (46) point out that such conclusions cannot be made on 
the basis of dry smears which have been exposed to air These 
workers, by a method in which cells were measured without exposure 
to any atmosphere other than such as would be in eqmhbrium with the 
gaseous content of the blood in the vessel from which they were with- 
drawn, found no difierence between the mean diameter of cells before 
and after exercise 

Smirk’s (193) observations on the influence of carbon dioxide on 
corpuscular volume confirm the observation of Price- Jones Smirk 
found that exposure of human blood to 50 per cent carbon dioxide 
caused an increase of 11 per cent m the volume of corpuscles, while the 
addition of 100 per cent of this gas caused an increase of 17 per cent 
Removal of the gas was followed by complete restoration of cor- 
puscular volume 

6 Barometric pressure Foerster (64) found red cells of rabbits 
exposed to rarefied air to have on the average a diameter of 0 4 m 
greater than that found under normal conditions On the other hand, 
K-oeppe (113) noted a decrease Smith et al (193 a) made simultane- 
ous blood counts, hemoglobin and cell volume determinations at low 
and high altitudes Calculation of average corpuscular volume from 
the figures published by these investigators shows that after a few days 
residence at 11,000 feet elevation a decrease of volume amounting to 
4 cu M took place These are the findmgs one would expect with de- 
creased carbon dioxide tension m the blood on the basis of the above 
mentioned observations on the effect of this gas on the size of cells 

7 Dehydration In several animals and one man subjected to 
absolute fast, Saragea (180) found a steady mcrease in the diameter of 
the red cells In forty hours the cells of the man had an average 
diameter of “over 8 Om ” A similar mcrease was produced by the 
administration of sodium sulphate 

8. Weight, stature and surface area A recent analysis, by the 
writer (217), of the correlation between the weight, stature and surface 
area of 100 healthy young men and 50 young women and the average 
volume of the red cells of their blood showed no relationship whatever 
between these characters 
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P Race and chmale Richardson (173), in 1877, concluded that 
there IS no significant difference in the blood of different nationalities 
as far as red cell diameter is concerned Recently Wischnewsky (222) 
measured the red cell diameters in 179 persons — Mongols, Persians, 
Turks, Finns, Caucasians — in Moscow after they had resided there a 
few months and presumably had become acclimatized He found no 
appreciable differences between the groups 

On the other hand, Chr Gram (71) observed that cell diameter 
vanes somewhat with the geographical and dimatic conditions sur- 
rounding the individual, red cells bemg considerably larger in in- 
habitants of northern countnes than in southerners (Norway 8 5n, 
Italy 7 0 to 7 Sm) Recently corpuscular volume determinations m 
three localities of the United States showed similar greater values in 
the northern areas, the average corpuscular volumes being, for men, 
86 1 cu /I in Oregon, 91 9 cu n in Missoun, and 79 8 cu n in Louisiana, 
while in women the mean values were 88 5, 92 8 and 80 1 cu n re- 
spectively (218) Although the evidence is insuffiaent to prove any 
assoaation between climate and the size of red cells, nevertheless, 
since the technic followed in all three localities was practically the 
same, the differences may be significant 

10 Species Interesting differences between the size of red cells 
in different speaes of mammals ha\e been noted In table 1 blood 
values for normal mammals derived from data supplied by Drastisch 
(39, 43), Emmons (55), hlayerson (128a) and the wnter, are sum- 
manzed It is noteworthy that the size of the red cells in the various 
species vanes inversely with the number of red cells The variation 
in the size of the cells has obviously no relation to the size of the 
animal Its cause is unknown 

c Vanalwn in Ihc size oj the crylhrocylc in disease 

Ihe size of the erytlirocyte has received the attention of cliniams 
from time to time for tlic past fifty j cars but it is only recently that its 
clinical importance has aroused general interest Hajem (95) and 
Mdckcr (205) studied tlic diameter of the erythrocyte and S T 
Sorensen (194) as long ago as 1876 maintained that megalocytosis was 
characteristic of pemiaous anemia In 1903 Capps (28) pointed out 
that two essentially different factors influence the «izt of the red cdl, 
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namely chemico-physiologic, and what he called “biotic ” Among 
chemico-physiologic influences he included those changes produced by 
hypo- and hypertonic solutions, the effects of osmosis, the influences 
which cause differences m the size of cells m different animals fwhat- 
ever they may be) and so on The biotic influences he grouped as 
anabiotic, or concerned with the growth and development of the cell, 
and katabiotic concerned with its destruction Capps pointed out that 
the variations in the size of cells seen in the anemias were not the 
effects of osmosis producing larger or smaller cells but the result of 
biotic influences Thus a macrocyte rich in hemoglobin cannot be 
produced by osmosis (which would result in the formation of a large 
pale cell) but is the product of abnormal cell development 
The valuable observations made by Capps were little heeded and it 
remained for Pnee-Jones (160) to attract attention to the significance 
of variations in the size of cells m disease 
Variations in the size of cells in disease may be considered under 
three heads, namely (1) megalocytosis m which group arc included con- 
ditions characterized by the presence of unusually largo cells, as well 
as by a wide and irregular vanation m the size of the cells, (2) macro- 
cytosis under which head arc grouped conditions in which the cells are 
moderately larger than normal alAough the dispersion of the cells is 
little greater than that found in health, and (3) microcytosis, which 
signifies the preponderance of abnormally small cells 
Megaheylosts Megalocytosis is most characteristically seen m 
permaous anemia during tlic stages of relapse In sixty -eight ob- 
sen’aiions Pricc-Joncs (163, 164) found a mean diameter of 8 31p, 
while the individual cells varied from 3 75 to 13 Oji with an average 
variability of 12 IS per cent The plotted curves showed a broad base 
with the peak swung to the right, were markedly assymctrical and dis- 
Eiimlar and frequently polymodal, suggesting that they were composite 
curves formed bv two or more kinds of cells Pnee-Jones has sug- 
gested that the blood in permaous anemia contains three I inds of 
cells (1) a "permaous” type from some abnormal exatation of bone 
marrow , (2) normal cells, and (3) small cells resulting from the extra 
stimulation of Ixine marrow produced by the anemia 
Pnee-Jones fl65) considers tint an cxccssiv c v ariability is more con- 
stant in fx.miaous anemia than a high mean diameter and for tins 
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reason believes that methods which measure the size of corpuscles m 
mass and give average figures only are not of as much value as are 
direct micrometer measurements This objection probably holds true 
for mean diameter values On the other hand, Haden, Gram, IMills 
and I have found mean corpuscular volume values always greater than 
normal in perniaous anemia during the stages of relapse Haden (88) 
reported an average corpuscular volume of 128 cu fx in 20 cases of 
pernicious anemia, while in 10 cases observed by Gram (75) the cor- 
puscular volume ranged between 136 and 94 cu n Mills (135)2 
found an average of 107 cu in a similar number of cases, while in 14 
cases I (219) foimd corpuscular volume values from 164 cu ^ to 96 
cu ju at the first examination of these patients durmg stages of relapse 
In these cases the increases in the mean diameter of the cells were 
similar to but not nearly as extensive as the variation m mean cor- 
puscular volume and in several mstances were not sig nifi cantly greater 
than normal 

It is very probable that alterations in the size of cells take place m aU 
dimensions The observations of others do not confirm the findings of 
Emmons (55) who, from the examination of the blood of different 
speaes of mammals, concluded that the thickness of the red cell 
remains relatively constant Ponder (158) found that the thickness 
of the red cells of different species of mammals vaned considerably 
Gram (75), calculating the thickness of red cells by the mdirect 
method, found it to be greater than normal in all but one case of per- 
nicious anenua, while m microc 5 h:ic anemias mean ceU thickness was 
diminished My own observations (219) agree with those reported by 
Gram The constant finding of mean corpuscular volume values 
greater than normal, m perniaous anemia, m spite of the presence of 
many small and distorted cells, is explained by the fact that, m contrast 
to diameter measurements, by the measurement of volume, variations 
in aU dimensions are observed 

Although cases in spontaneous remission rarely approach a totally 
normal blood picture, Mediaris and Minot (132) found that with liver 
therapy cell diameter may become normal or even less than normal 
They foimd that the dispersion of the red cell diameters fell well below 


• The values in cu /i hav e been calculated from data reported by these investigators 
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the upper normal limit or remained slightly above normal Pnce- 
Jones (165), by the same cntena, found the red cells normal in six 
cases of perniaous anemia on liver therapy while in another si\ cases 
the cells were somewhat abnormal in one or more particulars 

By noting changes in mean corpuscular volume I (219) have ob- 
served a similar gradual decrease in the size of red cells following liver 
therapy Preceding the decrease in the size of the cells, a preliminarj’- 
increase in mean corpuscular volume frequently occurs The maximum 
values for corpuscular volume were found at the time when the 
reticulocyte response was greatest That this association is causal 
rather than comadental is suggested by the fact that Persons (149) 
has found the reticulocj’tcs m perniaous anemia to be much larger 
than even the macrocytes High normal and normal values for mean 
corpuscular volume are found at the time of complete liver induced 
remissions 

In sprue, megalocytosis similar to that found in pernicious anemia 
is diaractenstically observed and the response to liver therapy is 
likewise similar (219) In the anemia associated with Dibothrio- 
cephalus latus infestation megalocytosis exactly similar to that found 
m pernicious anemia is characteristic (107) 

Macrocy lasts Although megalocytosis may very rarely be seen in 
some of the conditions mentioned below’, this is extremely unusual and 
the remainder of the conditions in which abnormally large cells arc 
found can be classed as examples of macroc>tosis In this group the 
dispersion in the size of the red cells is little greater tlian the normal 
variation 

Cells moderatelj larger than normal may occasionally be found in 
anemias assoaated with pregnancy (the so-called "perniaous anemia 
of pregnancy”), sj'phihs, and caranoraa, cspcaallj caranoma of the 
stomach VeryrareIy,howcver,istrucmcgaloc>tosisfound Macro 
0 ) tosis IS occasionalK seen m the obscure anemia of mfanej , anemia 
pseudo-leukcmica infantum Cells somewhat larger tlnn normal or 
nt the upper limit of normal are also seen in aplastic anemia In 
malaria high normal values arc common (220) 

In two cases of sickle cell anemia, measuring one diameter of all 
round cells by means of an ocular micrometer, I found mean cell di- 
ameters of 8 0a and 9 2n respcctivelj, witli the cells varying from 
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reason believes that methods which measure the size of corpuscles m 
mass and give average figures only are not of as much value as are 
direct imcrometer measurements This objection probably holds true 
for mean diameter values On the other hand, Haden, Gram, Mills 
and I have found mean corpuscular volume values always greater tba ri 
normal in permcious anemia durmg the stages of relapse Haden (88) 
reported an average corpuscular volume of 128 cu n in 20 cases of 
pernicious anemia, while in 10 cases observed by Gram (75) the cor- 
puscular volume ranged between 136 and 94 cu ix Mills (135)^ 
found an average of 107 cu /x in a similar number of cases, while in 14 
cases I (219) foimd corpuscular volume values from 164 cu y. to 96 
cu y at the first examination of these patients durmg stages of relapse 
In these cases the increases in the mean diameter of the cells were 
similar to but not nearly as extensive as the variation in mean cor- 
puscular volume and in several mstances were not significantly greater 
than normal 

It is very probable that alterations in the size of cells take place in all 
dimensions The observations of others do not confirm the findings of 
Emmons (55) who, from the examination of the blood of different 
species of mammals, concluded that the thickness of the red cell 
remains relatively constant Ponder (158) found that the thickness 
of the red cells of different species of mammals vaned considerably 
Gram (75), calculating the thickness of red cells by the mdirect 
method, found it to be greater than normal in all but one case of per- 
nicious anemia, while in microcytic anemias mean cell thickness was 
dimmished My own observations (219) agree with those reported by 
Gram The constant finding of mean corpuscular volume values 
greater than normal, in pernicious anemia, in spite of the presence of 
many small and distorted cells, is explamed by the fact that, m contrast 
to diameter measurements, by the measurement of volume, variations 
in all dimensions are observed 

Although cases in spontaneous remission rarely approach a totally 
normal blood picture. Medians and Minot (132) found that with liver 
therapy cell diameter may become normal or even less than normal. 
They found that the dispersion of the red cell diameters fell well below 


‘ The values m cu /i have been calculated from data reported by these investigators 
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the upper normal limit or remained slightly above normal Pnee- 
Jones (165), by the same entena, found the red cells normal in six 
cases of perniaous anemia on liver therapy while in another six cases 
the cells were somewhat abnormal in one or more particulars 

By noting changes m mean corpuscular volume I (219) have ob- 
served a similar gradual decrease in the size of red cells following liver 
therapy Preceding the decrease in the size of tlie cells, a preliminary 
increase in mean corpuscular volume frequently occurs The maximum 
values for corpuscular volume were found at the time when the 
reticulocyte response was greatest That this association is causal 
rather than coincidental is suggested by the fact that Persons (149) 
has found the reticulocytes m perniaous anemia to be much larger 
than even the macrocytes High normal and normal values for mean 
corpuscular volume are found at the time of complete liver induced 
remissions 

In sprue, megalocytosis siimlar to that found in perniaous anemia 
IS characteristically observed and the response to liver therapy is 
likewise similar (219) In the anemia associated with Dibothno- 
cephalus latus infestation megalocytosis exactly similar to that found 
in pernicious anemia is characteristic (107) 

Macrocytosis Although megalocytosis may verj' rarelj be seen in 
some of the conditions mentioned below , this is extremely unusual and 
the remainder of the conditions in which abnormally large cells are 
found can be classed as examples of macrocytosis In this group the 
dispersion m the size of the red cells is little greater than the normal 
variation 

Cells moderately larger than normal may occasionally be found in 
anemias associated with pregnanc> (the so-called “perniaous anemia 
of pregnancy”), sjpihihs, and caranoma, especially carcinoma of the 

stomach Very rarely, how ever, is true megalocytosis found Macro- 

citosis IS occasionally seen in the obscure anemia of infancy , anemia 
pseudo leukemica infantum Cells somewhat larger tlian normal or 
at the upper limit of normal are also seen in aplastic anemia In 
malaria high normal values are common (220) 

In two cases of sickle-cell anemia, measuring one dnmeter of all 
round cells by means of an ocular micrometer, I found mean Celbdi- 

nmeters of 8 6n and 9 2/1 respi^ivcly. with the 
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reason believes that methods which measure the size of corpuscles m 
mass and give average figures only are not of as much value as are 
direct micrometer measurements This objection probably holds true 
for mean diameter values On the other hand, Haden, Gram, Mills 
and I have found mean corpuscular volume values always greater than 
normal in permcious anemia during the stages of relapse Haden (88) 
reported an average corpuscular volume of 128 cu n in 20 cases of 
pernicious anemia, while in 10 cases observed by Gram (75) the cor- 
puscular volume ranged between 136 and 94 cu n Mills (135) ^ 
found an average of 107 cu ixina. siimlar number of cases, while in 14 
cases I (219) found corpuscular volume values from 164 cu. [i to 96 
cu n at the first exarmnation of these patients during stages of relapse 
In these cases the increases in the mean diameter of the cells were 
similar to but not nearly as extensive as the variation in mean cor- 
puscular volume and in several instances were not significantly greater 
than normal 

It IS very probable that alterations m the size of cells take place m all 
dimensions The observations of others do not confirm the findings of 
Emmons (55) who, from the exammation of the blood of different 
species of mammals, concluded that the thickness of the red cell 
remains relatively constant. Ponder (158) found that the thickness 
of the red cells of different species of mammals varied considerably 
Gram (75), calculating the thickness of red cells by the indirect 
method, foimd it to be greater than normal in all but one case of per- 
nicious anemia, while in microcytic anemias mean cell thickness was 
diminished My own observations (219) agree with those reported by 
Gram The constant finding of mean corpuscular volume values 
greater than normal, in perniaous anemia, m spite of the presence of 
many small and distorted cells, is explained by the fact that, m contrast 
to diameter measurements, by the measurement of volume, variations 
in all dimensions are observed 

Although cases in spontaneous reimssion rarely approach a totally 
normal blood picture. Medians and Minot (132) found that with liver 
therapy cell diameter may become normal or even less than normal 
They found that the dispersion of the red cell diameters fell well below 


= The values in cu ft have been calculated from data reported by these investigators 
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Mtcrocylosts Microcytosis is seen in that miscellaneous group of 
conditions known as “secondary anemias ” In the anemia associated 
with various chronic infectious and “toxic” diseases the decrease in the 
mean diameter or mean corpuscular volume is not marked (220) 
The dispersion of the cells is usually somewhat greater than normal 
(163) In the various “blood” diseases other than pernicious anemia 
(polycythemia, leukemia, splenic anemia) when hemorrhage is not as- 
sociated, the decrease m the size of the red cells is likewise not marked 
On the other hand, m cases of chrome hemorrhagic anemia such as that 
resulting from hookworm infestation, bleeding hemorrhoids, amebic 
djsentery, and some of the “blood diseases” when chronic blood loss 
IS assoaated, a marked decrease in the size of the red cells has been 
observed by Haden (88) and by me (220) 

3 THE IIEMOGLOBDr CONTENT OF TOE ERYTHROCYTE 
a Methods of measurement 

There is no means of determining directly the hemoglobin content 
of the red corpuscle Onl> indirect, mean values can be calculated 
by the methods at present available These calculated mean values 
nc\erthcless are of great clinical importance and in the form of the 
color index have been employed since the beginning of blood examina- 
tion Although when properly employed the color index affords use- 
ful information, it has come into disrepute wnth the realization of the 
incorrect and \aried standards of normal on which its calculation is 
based and the inaccurate methods of hemoglobin estimation employed 
(218) The saturation index of Haden (88) suffers from similar 
defects 

Llsewherc a method for calculating the hemoglobin content of the 
red corpuscle m absolute terms has been fulh described (218) The 
lernoglobm content of the average red corpuscle in a sample of blood, 
or mean corpuscular hemoglobin,” is determined bj dividing the 
amount of hemoglobin expressed in grams per 1000 cubic centimeters 
o ood, bj the number of red cells, expressed in millions per cubic 
mi imeter Ihc resulting vailuc expresses corpuscular hemoglobin 
in micromicrograms (yy) > Similarly the proportion of hemoglobin 

Amicromicrorram isa mUhonlh of a raillioalh part ol a pranot i,rani X lO-u 
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6 Ofi to 12 5ju The sickle-cells themselves were about 15/i long by 
2,5m in width Mean corpuscular volume values were normal 
Measuring the diameters of red cells in the fresh state, Rous and 
Robertson (175), and Ponder and Millar (159) observed that repeated 
large hemorrhages are associated with a small increase in the mean 
diameter of the cells An mcrease in the scatter of the distribution 
of the cell sizes sometimes occurred but was an inconstant feature 
In several cases of acute hemorrhagic anemia I (220) have noted a 
moderate increase m mean corpuscular volume Price-Jones (163) 
found a decreased mean cell diameter following hemorrhage He did 
not state whether the hemorrhage in these cases was acute or chronic, 
an important detail since the size of the red cells m the two varieties 
appears to differ considerably (220) 

In twenty-two persons suffermg from emphysema Price- Jones (162) 
found an average red cell diameter of 7 69 m, which figure is almost 
0 5m greater than the average he found in normal individuals The 
average variability was 7 06 per cent, only slightly greater than that 
found m health (5 2 per cent) This increase m diameter he attributed 
to an increased quantity of carbon dioxide in the blood In fifteen 
cases of heart failure associated with dyspnea, cyanosis, and venous 
congestion, Price-Jones found no increase m mean diameter (162). 

Wiechmann and Schurmeyer (208) report an increased diameter 
durmg the stage of acidosis m diabetes and a return to normal with 
insulm therapy 

Holler and Kudelka (103) believe that the size of the red cell is in- 
fluenced by metabohsm and that functional disturbances of the organs 
of internal secretion can affect the erythropoietic system and produce 
changes in the red cells In exophthahmc goiter they have occasion- 
ally observed macrocytosis and even megalocytosis, while in other 
diseases of the glands of internal secretion they have noted microc 3 d:o- 
sis Meulengracht (133) has described macrocytosis in myxoedema 
In chronic interstitial pancreatitis, HoUer and Kudelka (104) have 
observed macrocytosis and consider this finding diagnostic 

In two cases of leukemia, one chronic myelogenous and the other 
subacute aleukemic myelogenous, Medians and Mmot (132) reported 
macro C 3 d;osis Such a finding is unusual, however As a general rule 
microcytosis is seen in the leukemias (220) 
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Microcytosis Iilicrocytosis is seen in that miscellaneous group of 
conditions known as “secondary anemias ” In the anemia associated 
with various chronic infectious and “toYic” diseases the decrease in the 
mean diameter or mean corpuscular volume is not marked (220) 
The dispersion of the cells is usually somewhat greater than normal 
(163) In the various “blood” diseases other than pernicious anemia 
(polycythemia, leukemia, splenic anemia) when hemorrhage is not as- 
sociated, the decrease in the size of the red cells is likewise not marked 
On the other hand, in cases of chronic hemorrhagic anemia such as that 
resulting from hookworm infestation, bleeding hemorrhoids, amebic 
dysentery, and some of the “blood diseases” when chronic blood loss 
is assoaated, a marked decrease m the size of the red cells has been 
observed by Haden (88) and by me (220) 


3 THE HEMOGLOBIN CONTENT OF THE ERYTHROCYTE 


a Methods of measurement 


There is no means of determining directly the hemoglobin content 
of the red corpuscle Only indirect, mean values can be calculated 
by the methods at present available These calculated mean values 
nc\ crtheless arc of great clinical importance and in the form of the 
color index have been employ ed since the beginning of blood examina- 
tion Although when properly employed the color index affords use- 
ful infonmtion, it has come into disrepute w itli the realization of the 
incorrect and xaried standards of normal on which its calculation is 
based and the inaccurate methods of hemoglobin estimation employed 
(218) Ihe saturation index of Haden (88) suffers from similar 
defects 


Elsewhere a method for calculating the hemoglobin content of the 
red corpuscle in absolute terms has been fully described (218) Ihe 
hemoglobin content of tlie average red corpuscle in a sample of blood, 
or mean corpuscular hemoglobin,” is determined by diiiding the 
amount of hemoglobin, expressed in grams per 1000 cubic centimeters 
of blood, by the number of red cells, expressed in millions per cubic 
millimeter The resulting a-aluc expresses corpuscular hemoglobin 
in mitromicrograms (77) » Similarly' tlic proportion of hemoglobin 


A niicromicro-rira ,s a nilhonth of a inlUionlh port of a crau ot rrami X I0-“ 
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in the average cell or ^'mean corpuscular hemoglobin concentration” is 
determined by dividing the number of grams of hemoglobin per 100 
cubic centimeters of blood by the volume of packed red cells in tlie 
same quantity of blood and multiplying the result by 100. Corpus- 
cular hemoglobin concentration is expressed m per cent The con- 
stant derived by this calculation is useful rather than accurate m a 
physical sense since it is assumed that hemoglobin is present in the 
red corpuscle in the form of an aqueous solution 

Such direct calculations of the hemoglobin content of the red cell fall 
in Ime with the present tendency to express hemoglobin values directly 
m grams rather than m relation to a varying normal As compared 
with the color index and the saturation index, the calculation of mean 
corpuscular hemoglobin and corpuscular concentration has the merits 
of equal simplicity, greater clarity and increased accuracy. These 
calculations make it possible to visualize the changes occurring in the 
red cell in disease much more clearly than do the indices 

Normal corpuscular hcmoglohtn and corpuscular concentration. The 
normal average corpuscular hemoglobin is 28 to 29yy and varies from 
26.S77 to 3I.S77 The normal corpuscular hemoglobin concentration 
is 35 per cent and ranges from 33 per cent to 39 per cent. 

h. Variation in hemoglobin content of red corpuscle in health 

All available information indicates that the hemoglobin content of 
the red cell varies directly and quite proportionately with the size of 
the corpuscle Thus, in infancy the erythroc3rtes are not only unusu- 
ally large but contain a greater quantity of hemoglobin than is found 
in the red corpuscle in adult life Calculations from the data supplied 
by Haden and Nefi (89) for normal infants under 24 days of age, show 
that the corpuscles contained on the average 4477 of hemoglobin, 
while Borner’s (19) data for infants 25 minutes to 15 days of age, show 
a mean value of 3977. Corpuscular concentration values m these in- 
fants were normal, thus indicating that the increases m volume and 
hemoglobin content were parallel It is interesting to note, in passing 
that the red cells of pernicious anemia show a siimlar increase in size 
and in hemoglobin content with normal corpuscular concentration 
values 

No variation in respect to sex (218), body weight, stature or surface- 
area (217) has been noted for corpuscular hemoglobin or corpuscular 
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concentration The evidence concerning diurnal vanation m corpus- 
cular hemoglobin is inconclusive Hadcn (88), who found no diurnal 
variation in corpuscular volume, found similarlj no alteration in 
corpuscular hemoglobin On the other hand Mills (135) , n ho reported 
a diurnal variation in corpuscular volume, found a similar variation 
in corpuscular hemoglobin It is noteworthj that the data of both 
investigators showed the corpuscular concentration to be relatively 
invanant 

Small differences in corpuscular hemoglobin w ere noted m the three 
localities of the United States for which accurate and comparable 
blood values are available (218) Although these differences were in 
the same direction as the differences m corpuscular volume already 
mentioned, they were not nearly as extensive Again corpuscular 
concentration values show ed little variation 

As between different species of mammals great differences in cor- 
puscular hemoglobin are found (table 1) Nevertheless in spite of the 
great differences in the size and hemoglobin content of the red cor- 
puscles in these animals, the values for corpuscular hemoglobin concen- 
tration are all practically equal Such a tendency to constancy in 
corpuscular concentration has been also noted in disease, as will be 
shown in the next section The significance of this phenomenon will 
be discussed later 

c Varialwn in hemoglobin content of red corpuscle tn disease 

It IS an interesting fact that, along with the increased mean volume 
of the red cells in pernicious anemia, there is sirailarlj an increased 
quantity of hemoglobin contained m the cells This has long been 
known and, in fact, it has been considered that in pernicious anemia 
the red cells arc supersaturated with hemoglobin This erroneous con- 
ception has probably arisen from a mismterjiretation of the color 
index It has been surmised that, since the color index is characteris- 
tically greater than 1 in pernicious anemia, then the cells must be 
supersaturated with hemoglobin This is not true, for color index 
measures the quanlitv of hemoglobin in the average cell and not the 
hemoglobin saturation Accurate blood determinations and values 
for the physical constants derived therefrom, show that corpuscular 
concentration injiemiaous anemia is never greater than, may be les^ 
t lan, and on the whole tends to be equal to the normal concentration 
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For men over 60 years of age there are only two reports. 

Williamson (212) 81 men, averagmg 15 81 grams 

Rud (17?) . . 7 men, averaging 13 66 grams 

Total, 88 men, averagmg IS 64 grams 

Relatvoe cell volume The mean normal volume of packed red cells 
per 100 cubic centimeters of blood, derived from cell volume deter- 
minations m 231 healthy young men 19 to 30 years of age, summarized 
m an earher paper (221), is 46 4 cubic centimeters ^ To this may be 
added the determinations reported by Rowntree and Brown (176) for 
24 normal men, of this age group By the addition of their average 
of 42 8 cubic centimeters the average of 255 determinations becomes 
exactly 46 cubic centimeters The majority of these values ranged 
between 40 and 50 cubic centimeters 

For men 30 to 60 years of age the following values are available. 

Haden (88) 20 men, averagmg 45 0 cc 

Gram and Norgaard (76) 3 men, averagmg 47 4 cc 

Rowntree and Brown (176) 23 men, averagmg 41 6 cc 

Total, 46 men, averagmg 43 5 cc packed red cells per 100 cc blood 

In 272 normal men 20 to 49 years of age Pearl and Miner (148) 
report an average cell volume of 45 6 cubic centimeters. 

Normal values tn women 

Number of red blood cells Rud’s (177) review of 293 counts re- 
ported for women between 1852 and 1920 shows, as for men, a wide 
variation in mean values which range between 5 59 million and 3.40 
million Each series is small and the accuracy of aU the determina- 
tions cannot be affirmed The average of more recent accurate blood 
counts in 186 women 17 to 30 years of age, presented in detail in an 
earlier paper (216) , is 4.78 million per cubic millimeter The majority 
of these counts varied between 4 4 and 5 3 million 

For women 30 to 60 years of age the following accurate determina- 
tions have been reported. 

Rud (177) 11 women, averagmg 4 90 million 

Haden (88) 3 women, averagmg 4 17 miUion 

* All values for volume of packed red cells here reported have been corrected for altera, 
tions in volume resultmg from the addifaon of vanous anticoagulants 
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Gram and Norglard (76) 4 women, a\ eraging 4 7S million 

Komocki (114) 4 women, averagmg 4 SO million 

Total, 22 TTomen, averaging 4 75 milbon 

For women over 60 years of age there are the follo’ning 


Bmg (IS) 

'MacNaughlon (124) 
Rud (177) 


21 women, averagmg 5 10 million 
1 woman, averaging 4 00 milbon 
5 women, averagmg 4 77 milbon 


Total, 27 women averagmg 5 02 milbon 

Eemoglohn The average of 232 accurate hemoglobin determina- 
tions on women 17 to 30 years of age, summarized in an earlier com- 
munication, (216) IS 13 91 grams The greater majority of the values 
ranged between 12 5 and 15 0 grams 
For women 30 to 60 years of age, the following probably accurate 
values are available 

Wllbamson (212) 93 women, averagmg IS 95 grams 

Rud (177) 10 women, averagmg 12 6S grams 

Gram and Norgiard (76) 4 women, averaging 13 36 grams 

Hadea (88) 3 women, averaging 13 00 grams 

Total, no women, averaging IS 48 grams 

For women over 60 years of age, there arc only two reports 

Wllbamson(2I2) 71 women, averaging IS 39 grams 

Rud (177) 5 ^^-omcn, averagmg 12 39 grams 

Total, 76 women, averaging 15 19 grams 

The mean values for women over 30 years of age are distinctly 
greater than below this age This is largely due to the fact that the 
values for women beyond the age of 30 > ears are chieflj dependent on 
Williamson’s observations The latter’s mean \aluc m women 17 
to 30 years of age was 15 11 grams which is distinctlj higher than the 
values reported by other investigators 
Rclahxc cdl toliime The mean normal \olurac of packed red cells 
for women 17 to 30^ ears of age, as calculated from determinations on 
the blood of 2(X) subjects, is 41 1 cubic centimeters (216) The ad- 
dition of Rowntree and Brown’s (176) a\erage of 39 8 cubic centi- 
meters in 12 normal women of this age group brings the mean value to 
cxactlj 41 cubic centimeters The majorit> of these values ranged 
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between 37 and 45 cubic centimeters Cell volume determination 
are available for only 19 women 30 to 60 years of age: 

Haden (88) 3 women, averaging 38 7 cc 

Gram and Norgaard (76) 4 women, averagmg 40 7 cc 

Rowntree and Brown (176) 12 women, averagmg 39 9 cc 

Total, 19 women, averaging 39 9 cc packed red cells per 100 cc blood 

The values presented above mdicate the need for further accural 
blood determinations at various ages and in different localities Ti 
futility of attempting to express by a smgle value the normal red ce 
count, amount of hemoglobin, or volume of packed red cells, is show 
by the great inter-individual differences in these characters of ti 
blood The causes of these differences wiil be discussed in deta 
below 


Eemoglohz7t coefficient and color index 

For the calculation of color index 5 milhon is taken as the equivalen 
of 100 per cent red cells, while for 100 per cent hemoglobin variou 
standards based on mean hemoglobin values found by different worl 
ers in normal individuals, are used (221) Osgood (145) has pointe 
out the inaccuracy of calculating color index on the basis of hemoglobi 
values which depend on standards derived from mean values since th 
standard for number of red cells in the calculation of the color inde 
is not a mean value He has suggested that the standard for hemo 
globin be the value calculated as the equivalent of 5 milhon red cells 
and has introduced the term “hemoglobin coefficient” to represent 
“the number of grams of hemoglobm per 100 cubic centimeters o 
blood calculated to a red cell count of 5 milhon per cubic miUimeter ' 
If color index is to be employed this suggestion certainly should bi 
heeded 

In earlier papers hemoglobm coefficient values for men 19 to 3( 
years of age (221) and for women 17 to 30 years of age (216), havi 
been given Since the values for men and for women do not diffe: 
greatly it would be more practical, and almost as accurate, to emploj 
a single value for both sexes In the calculation of a hemoglobir 
standard the available accurate data for persons beyond the age of 3( 
years should also be included Hemoglobin coefficients have there 
fore been calculated for 74 men and 18 women beyond this age foi 
whom accurate cell counts and hemoglobin values have been reporter 
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and there is now available for the calculation of a hemoglobin standard 
the following material 


Osgood, Wintrobe and 
others (221) 
HomcfTcr (105) 

Haden (88) 

Gnm and NorgHard 
(76) 

Rud (177) 


274 men 19 to 30 >cars of age, a\eraging 14 61 grams 
40 men 20 to 30 >*ears of age, a\cnging 16 16 grams 
20 men over 30 years of age, a\craging 15 65 grams 

3 men o\cr30>carsof age, a\eraging 13 86 grams 
11 men o\cr 30 jcarsof age, ascraging 13 27 grams 


Total, 348 men, a\ciaging 14 80 grams 


0 good, 'Wintrobe 

and others (216) 183 women 17 to30>cirs of age, avenging 14 20 grams 

Rud (177) 15 women over 30 years of age, averaging 12 97 gnras 

Haden (88) 3 women over 30 jears of age, averaging IS 59 grams 

Gram and Nor 

gSard (76) 3 women over 30 >cars of age, averaging 14 07 grams 

Total, 205 women, averaging 14 13 grams 

The a^erage of the values for men and for women is 1448 grams 
Until further accurate determinations are available it is suggested, 
therefore, that 14 5 grams per 100 cubic centimeters of blood be taken 
as the equivalent of 100 per cent of hemoglobin Any value for hemo- 
globin, expressed in grams per 100 cubic centimeters cm be conxerted 
to terms of per cent in proportion to this coelTiaent, by multipljmg b\ 
the factor 6 9 


Volume coefficient and i.olumc index 

Since 5 million per cubic millimeter is taken as the equivalent of 
100 per cent red cells in the calculation of x’olume index, for reasons 
already outlined in the discussion of hemoglobin coefliacnt, a xolume 
coeffiaent must be determined before the xolume index can be em- 
ployed xvith any accuracy The volume cocfiiaent is defined as, “the 
XTjlumc of packed red cells calculated to a count of 5 million cells” 
(14S) 

For the determination of a xolume cocfTiaent the folloxxing data are 
ax aihble 

O rixx! xrm <>1* «nd 

olhm ( 221 ) 2X| mtn, I9to30}rar5of»c'.l' Tracmf.-II 5t cc. 

iliilcn 151) 20mcn, o\cr xOjnrxofjif a\rn-i-i; 46 20fc 

Crvn ant No 1 * 6 ) J nen oxer lOjTariKffare, a\cra;*nr42 2scc 
lotvl, 254 n*-!) 41 91 cc 
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Osgood, Wintrobe and 

and others (216) 175 women, 17 to 30 years of age, averagmg 42 90 cc 

Haden (88) 3 women, over 30 years of age, averagmg 46 40 cc 

Gram and Norgaard 

(76) 4 women, over 30 years of age, averagmg 42 84 cc 

Total, 182 women, averagmg 42 96 cc 

The mean of these values for men and for women is 42 44 cc It is 
suggested that 42 4 cc of packed red cells per 100 cc of blood be con- 
sidered the equivalent of 100 per cent in the calculation of volume 
index In any given instance the volume of packed red cells per 100 
cubic centimeters, multiplied bv the factor 2 36, will express the per- 
centage of packed red cells in proportion to this coefficient. 

Reference has already been made m an earher section (pp 201, 212) 
to the advantages of calculating directly the volume and hemoglobin 
content of the red corpuscle as compared with indirect volume index 
and color index determinations (218) 

2 THE INELUENCE OF AGE AND SEX ON NUMBER OF RED CELLS, AMOUNT 
OF HEMOGLOBIN, AND VOLUME OF PACKED RED CELLS 

The blood in infancy and childhood Striking differences in the con- 
tent of the blood in the early years of life have been repeatedly noted 
Sorensen (194) first called attention to the high erythrocytic content 
of the blood of newborn infants His observations were confirmed 
by those of Hayem (94), Gundobin (85), Otto (147), Schiff (186) and 
Aitkin (2) Engelsen (57) found an average of 6 24 million red cells 
in 40 newborn infants with no difference between males and females or 
between full-term and premature infants Fehrsen (60), examining 
the same number of infants, found m the first two hours after birth an 
average of 6.05 million, which gradually dropped to 5 5 miUion ten 
days later. Williamson’s (212) careful hemoglobm determinations 
showed an average of 23 25 grams per 100 cubic centimeters of blood 
in 31 infants one day old This high figure fell only very slightly in 
the first two weeks of hfe Of more recent work may be mentioned 
Mayers’ (128) average of 7 63 milhon in forty-one infants examined 
during the first two hours of life and the reports of Lucas et al (121), 
Sanford (178), and Mitchell (136), who found 5 5, 5 8 and 5 7 million 
cells respectively in the first day of life and a drop of 1 4 to 0 7 million 
during the next ten days 
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Hayem (94) suggested that the high counts found m infancj were 
associated ^^^th late closure of the cord rvhile Schill (186) believed that 
they Yvere due to loss of fluids and consequent concentration of the 
blood Ma>ers (128) and Lippman (120), on the other hand, have 
been unable to confirm the earlier observations that changes in number 
of red cells were correKted with changes in weight Lippman ob 
serv'ed the high red cell count even in infants in whom loss of weight 
was successfullj prevented by means of complementarv feedings 
Like several other observers (Neumann and Kolliker (141), Fehrsen 
(60), Lucas et al (121)), Lippman noted nucleated red cells, poly- 
chromatophiha, amsocytosis and poikilocidosis in the first few hours 
of life He suggested that bone marrow activitv is an important fac- 
tor in causing the initial high red cell count The abnormallj large 
size of the red cells in infancy has alreadv been discussed in detail 
(p 202) 

WTiile no large senes of accurate blood determinations is available, 
there is general agreement that, following the initial high red cell and 
hemoglobin content during the first few hours after birth, there is a 
steady decrease in the number of cells and amount of hemoglobin 
In the first two weeks of life this drop is v'erv gradual but after this 
time more rapid changes take place to reach a minimum vanouslv 
reported as 4 0 to 5 0 million red cells (60, 128, 177) and 12 5 grams of 
hemoglobin (212) at about two years of age, when these constituents 
again begin to rise rapidly during the first few v ears and then more 
slowly until the values found m adult life are reached at about the 
age of puberty Until the age of puberty no appreciable difiercnce 
between the two seves has been noted (21, 177, 4) 

Old age Blood values at different stages of adult life have already 
been given From the meagre accurate reports av ailablc no conclu- 
sions concerning anv significant differences associated with old age can 
be drawn Pearl and Jliner (148) m an analysis of cell volume determi 
nations m 272 normal males 20 to 49 vears of age found no significant 
correlation between cell volume and age 
It has been stated that after the climacteric blood v alues in the two 
sexes again tend to he the same The small amount of accurate infor- 
mation which IS available docs not support this conclusion 
T) e tmlucncr o! rnenslntahon Statcraonts m regard to the influence 
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of menstruation on the blood of normal women are conflicting and the 
data offered in their support are unconvincmg Sfameni (190), ex- 
amining the blood of six women, found a pre-menstrual rise and intra- 
menstrual fall of red cells and hemoglobin The drop m the number of 
red cells amounted to 0 22 milhon and was slowly regained after 
menstruation Maurel’s (127) experience was similar to that of 
Sfameni Ewmg (59) quotes a number of investigators who found a 
slight increase in red cells and hemoglobin after normal menstruation 
and referred this result to stimulation of the blood for min g organs 
Polzl (154) and Eichman (48) are quoted byRud (177) as having found 


TABLE 2 

Blood findings in 48 normal young women grouped according to relation to the 

menstrual period 
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0 

6 

S 05 

0 34 


39 3 

78 1 

Post-menstrual 

1-7 

15 

4 80 

0 29 


39 1 


Inter-menstrual 

&-17 

19 

4 90 

0 24 

13 78 

39 3 


Pre-menstrual 

184- 

8 

5 02 

0 26 

13 98 

40 4 


General average 



4 93 

0 28 

13 76 

39 5 



a constant increase prior to and during menstruation Terhola 
(201) and Rud (177) found no appreaable change associated with 
menstruation 

In interpreting the results of these and similar mvestigations, it is 
important to make due allowance for the error involved in making 
these blood determinations Even when unusual care is taken m 
making red cell counts there is a probable error of at least 2 per cent 
involved, which, for a count of 5 0 million cells, is equivalent to 0 1 
million (221) By the statistical rule that a difference between the 
two quantities of three tunes the probable error entailed in their deter- 
mination IS probably sigmficant, while a difference of four times that 
error is certamly significant, it is apparent that differences in red cell 
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counts o£ less than 0 3 to 0 4 million cannot be considered as having 
any significance Similar criticism applies to small observed differ- 
ences in hemoglobin content 

In table 2 blood findings in 48 normal women evamined by me (216) 
are grouped in relation to the menstrual period Considering prob- 
able errors, no importance can be attached to the small differences 
observed 

The mjlucncc of pregnancy and laclalxon WTiether pregnancy per 
se has any influence on the blood still remains in doubt in spite of a 
rather extensive list of reports on the subject 
Anemia is frequently observed in pregnancy Besides distinctly 
pathological conditions, a mild anemia has been reported by many 
observers (110, 123, 65, 17) some of whom consider this mild anemia 
to be "physiological ” Gram (73), several years ago, came to this 
conclusion in regard to the earlier months of pregnancy A recent 
study by Bland Goldstein and First (17) show ed that only- tlirce of two 
hundred pregnant women had red cell counts greater than 4 2 million 
Since etiological factors such as infection and toxemia did not seem to 
be necessarily assoaated and, furthermore, since a large proportion 
of these were private patients living under good environmental condi- 
tions, these writers concluded that factors connected with the gravid 
state must be in some way responsible for the anemia 
It has been suggested that a condition of hydremia assoaated with 
the increased vascular area exists in pregnancy (209, 96), that the 
anemia is caused by the w ithdrawal of iron by tlie fetus (17), or that a 
"sy ncytial hemolysin” is the cause (101) The entire subject has been 
inadequately studied A rapid recovery' soon after delivery has bten 
noted in most cases of pregnanev' anemia 
Ivo appreaable cliange in the blood has been observed during normal 
lactation that is not unduly prolonged 

3 covsTmrriONAL influences causing variation 

Race From the few accurate determinations made on indivaduils 
of different races, no conclusions regarding any raaal variation in the 
number of red cells, amount of hemoglobin or relative cell volume can 
be drawai Maurel (127) concluded that racial differences, if actually 
present, arc soirccly appreciable Glogner (6S) found a somewh''i 
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higher count m 30 natives of West India as compared with 51 Euro- 
peans residing there, while M’Cay (129) reported higher cell counts 
in Bengalis as compared with those found in a number of Europeans 
resident in India Climatic influences may perhaps operate to produce 
differences between races This matter will be dealt with later 

Influences of body weight, stature and surface area. The blood values 
for 100 men and 50 women examined m Louisiana have been studied 
with the object of deterrmnmg the relation between variations in 
body build and variations m the blood constituents (217). This 
analysis showed that individual differences m number of red cells, 
amount of hemoglobin and cell volume were, in gross, slightly cor- 
related with individual differences m body weight, stature and surface- 
area The sign of correlation was positive, that is, these constituents 
of the blood tended to be greater in amount m heavier and taller indi- 
viduals However the regressions of these variables upon each other 
was quite small m amount as compared with the range of difference 
m these characters observed in normal individuals 

Influence of complexton In the tropics red cell counts and hemo- 
globin values in blonde and brunette types have been compared. 
Neither the investigations of Chamberlain (31) nor those of Breinl 
and Priestley (21) show any difference between these two types. 

4 DIURNAL AND TEMPORARY INELUENCES 

The diurnal variation A diurnal variation m the number of red 
cells and amount of hemoglobin has been observed by many investi- 
gators While m the earlier reports (87, 171) variations in red cells 
as great as one million were described, more recent investigations indi- 
cate that the diurnal variation does not exceed 5 per cent (203) while 
the differences in hemoglobin amount to 10 or 15 per cent and occa- 
sionally 30 per cent (44, 167) There is general agreement that red 
cells and hemoglobin are found in greatest quantities m the waking 
hours and gradually decrease in amount durmg the day (203, 170, 44, 
177) The relative cell volume, on the other hand, appears to change 
very little throughout the day (72, 177) In Rud’s (177) series, red 
cell counts on the same mdividuals at the same time of the day showed 
no appreciable variation throughout several months 

The cause of the diurnal variation has not been fully explained 



erythrocyte in ilAN 


229 


The influence of digestion and exerase has been considered (118), but 
neither diets consisting of constant amounts of solid and fluids, and 
meals given at definite periods of the daj, nor e\en rest in bed with 
the minimum essential muscular movements, had any effect on the 
variation curves (168) Rabinowitcli (168) observed, however, that 
in patients with advanced heart failure there w as a marked fixation of 
the hemoglobin curve, while Mills (135) found a lessened variation in 
various anemias Drejer and his co-workers (44) believe that the 
vanations are closelj connected with variations in pulse rate, blood 
pressure, rate and volume of respiration, and possiblj witli fluid ab- 
sorption or kidney secretion 

Digestion, ivater admtntsiralton, dehydralton Early observations 
on red cells and hemoglobin after meals indicated that there was an 
immediate rise following the meal (194), a decrease one-half to one 
hour after the meal (202, 72, 127, 170, 37), and after several hours 
another rise (189) Oliver (143) in 1892, found lower cell counts half 
an hour following a meal even when water was withheld This 
observer found the variations to correspond vvitli fluctuations in the 
“digestive lymph wave,’’ the cell count being lower when the amount 
of fluid in the tissues was greatest, and vice versa A recent m\ estiga- 
tion by Rud (177) failed to show significant variations m red cells 
and hemoglobin following meals On the other hand, Greene and 
Rowaitrce (77) recentlj reported rapid and progressive diminution of 
hemoglobin concentration in the blood following administration of 
water bj moutli 

It has been repeatedly stated that fasting is followed by an increase 
m the number of red cells in man and animals (127, 25a) Ha> em (95) 
found that a twenty-four hour fast resulted in a gam of 0 4 to OS 
million cells On the other hand, other observers have noted a dis- 
tinctly anemic condition produced in heallhv men after fasting (59) 

Recently experimental dehydration in animals has btai shown to 
produce an increase of red cells and hemoglobin, the degree to which 
this occurs depending on the rapiditv with whicli fluid is lost from the 
body (126) Gram (71) has found the increase in hemoglobin to be 
roughly one half the increase in 'crum proteins 

rhalen (ISO) studied the influence of dothmg on the red cell count 
lie found tluit variations in cell countswerc as-oaated with the degree 
to whidi the garments induced perspiration 



230 


MAXWELL M WINTROBE 


Diet. The influence of diet on regeneration of the7blood in the 
anemias has been thoroughly investigated by Whipple (206) and 
others. An unbalanced and insufficient diet which is maintained for 
some time will undoubtedly have derogatory effects on the blood of a 
normal individual Whether less striking variations m diet result in 
changes which are appreciable has not been detenmned More than 
half a century ago, Hayem (95) stated that meat eaters averaged a 
higher percentage of red cells than vegetarians Cornell (35) has found 
liver diet to have no effect on the number of er 3 diLroc 3 d;es in normal 
individuals, while Watkins et al. (204), Smith and Whitby, (193b) and 
Neidhardt and Bannasch (140) have reported definite and in some 
cases, marked increases 

Exerctse It was early observed that active muscular exercise 
provokes an increase m the peripheral etythrocyte count. Hawk 
(93) found an average gain in eiythrocytes of 21 per cent following 
swimming, 16 6 per cent after sprinting, 12 9 per cent after walking, 
and 12 per cent after bicycling. The studies of Willebrand (210) and 
of Zuntz and Schumberg (224) indicated that this increase stands in 
inverse ratio to the length of the period of exercise Edgecomb (47) 
found that active exercise caused a shght overproduction, while pas- 
sive exercise produced no change Mitchell (137), however, reported 
that massage increased the corpuscular richness of the blood Hayem 
(95) noticed that labor carried to the point of fatigue resulted in a 
marked decrease in the number of corpuscles, and Cohnheim et al 
(32) as well as Gross and Kestner (82) found a decrease in cells and 
hemoglobin after long and strenuous mountain climbing 

In explanation of these changes, it was suggested (37) that exercise 
is followed by increased blood pressure which not only inspissates 
blood but also disseminates peripherally many cells which hitherto 
have lain inactive in the deeper circulation (93) It was also sug- 
gested that fluid is lost into the muscles (210) or liver lymphatics (79) 

More recent investigations have confirmed these earlier observa- 
tions Schneider and Havens (188) have found the immediate influ- 
ence of physical exertion upon the blood of the periphery to be one of 
concentration with an increase of hemoglobin amountmg to 3 5 to 
10 9 per cent, and red cells 3 2 to 22 8 per cent, and a proportionate 
increase of specific gravity This is followed after the cessation of the 
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exertion by a dilution of the blood and fall in hemoglobin, red cells, 
and specific gravity These ivorkers have further observed that 
abdominal pressure and massage raise the content of hemoglobin and 
red cells in the peripheral stream, and abdominal pressure follow mg 
exertion prevents dilution to a large measure According to Schneider 
and Havens exercise at high altitudes is followed by no increase of 
cells or pigment while abdominal massage and exercise cause dilution 
of the blood 

In contradiction to these findings which suggest that exerase calls 
forth a supply of red cells from some storehouse, probably located m 
the abdomen (10), Boothby and Berry (18) find that the percentage of 
hemoglobin and number of red blood cells increase under conditions 
of work causing an appreciable amount of perspiration, but not 
otherwise 

Broun (23) has published a senes of instructive expcninents on the 
effect of c-xerase on the blood of dogs Tins w orker measured number 
of red cells, hemoglobin, relative cell volume (hematocrit) and total 
blood volume (by the carbon monoxide and dj c methods) He found 
that ten to fifteen minutes of actixe exercise caused usually a slight 
increase of plasma volume and quite regularly a marked increase in 
cell volume, hemoglobin, pigment volume, and number of red cells, 
the increase of cell x'olume being the greatest of the three After 
several hours of exercise, plasma volume consistently showed an 
increase, while cell volume showed a decrease below the average 
volume found after ten minutes of exercise Hemoglobin and total 
pigment volume decreased even more, although still remaining defi- 
nitely' above the level maintained before exercise commenced Red 
cells also decreased m number 

Tliese findings indicate that the initial concentration of blood during 
exerast is not due to loss of fluid, since there is no decrease in plasma 
volume, but is probably tlie result of a redistribution of cells The 
increase in volume of plasma may be due to fluid taken from the 
muaclcs (83) The decrease m total cell volume and pigment volume 
during prolonged exercise Broun considers to be due to blood destruc- 
tion, a process which begins with the commencement of cxerasc, but 
is masked m the earh stages on account of the redistribution of cells 
wliicli takes place In dogs long maintained under sedentarv condi- 
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tions a great decrease in total circulating hemoglobin and red cell 
volume occurred when they were exercised vigorously during several 
consecutive days This was interpreted as the result of increased 
blood destruction, unrepaired for the time being A definite increase 
in the percentage of reticulocytes was observed, after exercise, in ani- 
mals previously kept to a sedentary life. Replacement, by transfu- 
sion, of blood destroyed during exercise prevented the reticulated cell 
reaction Similarly, animals rendered plethoric and then exercised 
showed no increase in reticulated cells as long as the plethora persisted 
Thus exercise appears to be an important factor in the maintenance 
of an efficient hematopoietic tissue 

Training is apparently very important Animals recently caged did 
not show as great a decrease in cell volume after exercise as those con- 
fined for several months Again in “sedentary” dogs put on strenuous 
exercise, by the third week of exercise the loss had been made up, 
suggesting an adaptation of the hematopoietic system to the mcreased 
demands made by this increased destruction 

Drinker et al (45) found that exercise, coupled with artificial mar- 
row stimulation, did not cause an increase of young forms m the blood 
of experimental animals Likewise Isaacs and Gordon (106) examin- 
ing marathon runners following a period of training and just prior to 
the race, found an increased number of young red cells in the blood, 
which, however, was not further augmented by the effect of the race, 
nor was the character of the mature cells changed From this it 
appears that traming is associated with a slightly lowered threshold 
of blood cell delivery which is not affected by exercise itself 

The work of Bar croft and his associates (10) indicates that the chief 
source of the early supply of red cells following exercise is probably the 
spleen Scheunert and Krzywanek (184) have found the initial in- 
crease in number of cells following exercise to be absent in splenecto- 
mized animals 

Vasomotor and psyche tnhiences Emohonal polycythemia Fol- 
lowing the apphcation of cold, high counts are found in the periph- 
eral blood which have been explained as being due to either a dimin- 
ished dilution of the blood by plasma from the subcutaneous tissue, 
or to local stasis (84) 

Ferrari (61) was tlie first to study the influence of emotional excite- 
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ment on the blood count Blood counts in students just after an 
examination were found on an average 0 46 million greater per cubic 
millimeter than before the examuiation, the highest counts corre- 
sponding to the most excited, the loner ones to the more phlegmatic 
Lamson’s (115) experiments in cats showed similar results nhich, how- 
ever, failed to occur after the adrenals had been removed He con- 
cluded that either red cells were liberated by the liver, or plasma was 
absorbed into the hepatic capillaries and m this nay concentration of 
the blood nas produced Schneider and Havens (188) found that 
adrenalin administered by mouth caused the blood in the peripheral 
capillaries to be concentrated Hess (98) found that a redistribution 
of blood followed adrenalin mjection, there being an increase of cells 
m the arterial (and later venous) blood, and a concurrent decrease in 
the capillary stream 

The recent developments in the knowledge of the spleen have stimu- 
lated nen interest in emotional polycythemia It has been non defi- 
nitely shown that the spleen is a reservoir for red cells (10) and that 
muscular exercise and tlie injection of adrenalin (20) and pituitrm, 
among other factors, cause the spleen to contract Even slight 
affective stimuli such as clapping the hands, pinching the skin and 
displaj of food cause contraction of the spleen in dogs (91) and anvietj 
and jealousy m dogs have been found to be associated niUi diminu- 
tion of spleen volume (10) These observations suggested to Izquicrdo 
and Cannon (108) that emotional polycythemia is produced by libera- 
tion of adrenalin and consequent contraction of the spleen 

Their expenments support these conclusions Emotional exatc- 
ment in cats produced immediate increases of cell counts far in excess 
of the normal variation, which began to decrease soon after the source 
of exatement nas removed Hematocrit and hemoglobin deter- 
minations did not show as mucli increase as the eiythrocyle count, 
nhicli suggests that smaller cells are liberated after exatement After 
removal of the upper abdominal sjanpatlictic strands and bilateral 
severance of the splandinic nerves, emotional polj cvlhcmia failed to 
occur If onlj the liver among the upper abdominal viscera was 
left innervated, exatement caused no noteworthy hypcrglobula In 
activation of tlic adrenal medulla had no marked influence on mo- 
tional jiolv cjuhemia 
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there is no experimental proof that during lorv oxj-gen tension the 
muscles absorb a larger volume of water (78) 

(2) The existence of a reserve or dormant supply of crj-throcjtes 
has been suggested as the source of the early supply of red cells The 
work of Schneider and Havens (188) is very interesting in this connec- 
tion These authors found that abdominal massage and exercise at 
low altitudes mcreased the number of red cells and hemoglobin in the 
peripheral capillaries, at high altitudes before any adjustment had 
occurred, massage and exercise had the same effect, after partial or 
complete acclimatization, however, massage and exercise lowered 
rather than mcreased the number of cells and hemoglobin 

The work of Barcroft and others has shown that the spleen is a 
storehouse for red cells, the "doors” of which can be unlocked b> 
hemorrhage, oxygen want, carbon monoxide (10), exercise (1,184), 
adrenalin, (20) and suffocation (14) It is likely that this reserve is 
called upon when an individual is subjected to a relatively sudden 
change in barometric pressure Giannim (67) has recently reported 
that in splcncctomized rats, guinea-pigs and rabbits, rarefaction of the 
air thcj breathed was followed by a much smaller increase m the 
number of crj'throcj'tcs than in normal animals Both tlie absolute 
and the relative increase of hemoglobin, however, was greater fol- 
lowing splenectomy 

(3) Lengthening of the life of the erj-throev te is a possible explana- 
tion for the immediate increase in number of cells, but there is no 
experimental proof to favor this hj-pothesis 

(4) Finally an increased hematopoietic activatv of the bone marrow 
must be considered During the expedition to the Peruv'ian Andes, a 
marked increase in the number of rcliculocv tes was noted (6), which 
number fell to normal after the descent Xo nudcateel cells w ere seen 
In natives the ratio of reticulated to unreticulated red cells was not 
found to be grcatlv increased, but their absolute number per cubic 
millimeter was about SO per cent greater than normal Barcroft 
lichcvcs that this suggests bone marrow hvpertrophj in acclimated 
indivaduals Numerous attempts have been made to find nucleated 
red cells m the blood follow mg ascent to high altitudes but manv hav c 
been futile (187) 

Smith and his associates fl93a) in carnang on blood volume deter- 
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minations by the dye and carbon monoxide methods^ found no evi- 
dence of abrupt changes in red blood cells or blood volume but noted a 
definite increase after the first few days spent at a high altitude Like 
Koeppe (113), who found a decrease in the size of er 3 dhroc 3 d;es at high 
altitudes, these workers found that the hematocrit volume rose less 
than the percentage of red cells. They concluded that the increase in 
cells and hemoglobin is due to the production of more cells, not to a 
redistribution Further evidence favoring the theory that bone 
marrow activity is stimulated, is brought by Drastich (40) who found 
cells of lower hemoglobin content and therefore, as he believes, new 
young cells in the blood of animals subjected to a low oxygen tension. 
In splenectomized animals he observed (42) that the increase in cells 
occurred more slowly Once the increase was established, however, 
the drop in count consequent to the return to normal oxygen tension 
followed more slowly. Furthermore m the splenectomized animals 
the increase of cells was associated with an increase in the number of 
large cells 

It is possible that research on the influence of irradiation on the 
blood will add new light on the subject of the blood at high altitude. 
Kestner (111) considers that the effective factor of high climate is not 
diminished oxygen content but increased and more intense radiation 
by the sun's rays 

Influence of climate, temperature and season. The absence of the 
fresh color of the cheeks and the "picture of health” in mdividuals 
residing in tropical and subtropical regions is one of the first observa- 
tions of the visitor, both lay and medical This pale, languid appear- 
ance, which is to be seen even in the southern United States in indi- 
viduals who are otherwise m good health, has led to the conception 
that a tropical or subtropical climate affects the blood in such a way 
as to produce a "tropical anemia ” 

This conception that a physiological anemia exists in the tropics 
has maintained its hold on the imagmation of medical men (116) and 
laymen, in spite of a number of investigations which contradict this 
theory. Among the first contributions of scientific value to tropical 
physiology have been made in the realm of blood morphology (199). 
In 1884, Maurel (127) concluded that, instead of decreasing, the red 
cell count rose on first reaching a tropical climate and later returned 
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to the normal figures of temperate climates A fetv years later, 
Marestang (125), -nhile admitting the logic by which it was concluded 
that a phjsiological anemia existed in the tropics, pointed out that the 
observations made on two individuals by Hayem, and Jousset, and 
the figures supplied from Brazil where beriberi was endemic b> Pedro 
de Magalhaes, on which these conclusions had been based, were too 
few His own determinations on 29 white residents of PoljTiesia 
showed an average count of 6 18 million Marestang even ventured 
to suggest that the low er oxygen tension of tlie w'armer air of the tropics 
caused an increase of red cells and hemoglobin and predicted that the 
same condition would be encountered at high altitudes 
The investigations conducted by van dcr Schcer (183), Eijkman 
(49), Glogner (68), and Plehn (152), as well as more recent determina- 
tions, likewise seem to refute tlic existence of an anemia of purely 
climatic etiology Cuthbert (36) found an average count of 5 5 million 
red cells in 21 European soldiers who had resided for manj j ears on the 
west coast of Africa WicUme (207) reported in 1908 a series of care- 
fully made examinations of the blood of about 90 officers and men who 
were known to bo in good health After a sojourn in the Philippines of 

almost two j cars’ duration an average count of 5 64 million red cells 
was found, tlie red cells having increased in number during tlie period 
of observation, while the hemoglobin was somewhat lower than at the 
time of their arrival A few jears liter, Chamberlain (31), in an 
extensive investigation of the blood of 687 Amcncan soldiers who had 
resided in the Philippines for 20 months, found 50 per cent of the 
counts to range between 5 and 6 million, and 13 per cent above this 
figure The average was 5 20 million 
Breinl and Pnestlej (21) examined the blood of 580 children of both 
sexes between 7 and 16 jears of age who had resided all or practicillj 
all of their lives in northern Australia where the climate is tropical 
and subtropical An average of 5 08 million red cells was found 
The onlj low values for cells or hemoglobin which I have Iicen able 
to find are those of Hernandez (97), m Venezuela, who reported an 
average red cell count of 3 25 million in 25 supiwsedlj healtlij joung 
mcdinl students, hierra, (191) who found an avenge of 4 55 million 
in 15 students m Venezuela, and Lippincott, (119) vvho concluded, as 
a result of rexl cell and hemoglobin (Tallquist) determinations on hos- 
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Blood delernimalions tn tropical and sub-tropical climates — women and children 
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pital and clinic patients, that the normal average hemoglobin per- 
centage and erythrocyte counts are lower m Mississippi than the 
usually accepted standards The .accuracy of the determinations 
reported by Hernandez must be held in doubt, and certainly the 
validity of reaching conclusions regarding “normal” on the basis of 
blood examinations made on hospital and clinic patients is very 
questionable 

Investigations of the blood of healtliy young men and women in 
Louisiana were primarily undertaken by me m order to study this 
question of tropical anemia Details of these determinations have 
already been published, (221, 214, 216) and it need only be pomted out 
here that the number of red cells and amount of hemoglobin in the 
men were distinctly greater than the values found in the north, while 
the results lor women were slightly, though not signihcantly higher 
than those found in Oregon (145, 146) 

Consideration of the blood findings listed in tables 3 and 4 forces 
one to the conclusion that the conception that a tropical or subtropical 
dimate produces an anemia, is a myth The pallor of individuals 
residing in these localities is unquestioned, but must be explained on 
some other basis 

It has been suggested that conditions in tropical climates favor .m 
activity of the erythropoietic sy’stcm beyond limits set by climatic 
conditions in colder regions Some of the determinations reported 
from tropical climates which have been tabulated above show average 
figures higher than those generally accepted as normal Marcstang’s 
(125) suggestion that the lower oxygen tension of warm air stimulates 
red cell production, has already been mentioned Wolfe, and Wick- 
line (207) suggested that in the tropics heat and light stimulate forma- 
tion of red cells In hot desert climates Schiefler (185) and later 
Wohlgemuth (223) observed a rise in the red count Sundstroem’s 
(200) experiments tend to support the contention that the number of 
red corpuscles m the peripheral blood may', m some instances, undergo 
an increase m a tropical environment, which he considers is due to 
stimulation of the blood forming organs as well as to inspissation of 
the blood He quotes Barcroft (9) as having found an increase in tlie 
number of rcticulocvtes in a hot environment 

Whether a higher content of rc<l cells and himoglobm is actually 
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present in hot climates remains to be proven Osgood’s work in 
Oregon (145, 146) suggests that the generally accepted normal values 
for red cells are too low and so it is possible that the difference between 
determinations in hot and colder climates is more apparent than real 
In order to determine whether or not the high values found in the 
men examined in Louisiana (221) were the effect of season, these 
determinations were repeated during the coldest season of the year in 
25 of the 100 persons originally examined Nineteen of this number 
were volunteers, unselected in any way, while the remaining six were 
individuals who showed unusually high red counts at the first examina- 
tion, The results of these determinations are shown in table 5, from 
which it can be seen that there is no significant difference between the 


TABLE 5 

Delermimhons ut summer and winter compared 



RED 




INDEXES 


STJBJECTS EXAMINED 

HEMO- 

CEtl. 




CEIXS 

GtOBIN 

VOLUME 


Color 

Satura- 

tion 


mtlhons 






100 men, summer, 1928 

5 85 


46 5 

0 97 


1 02 

25 men, winter, 1929 

5 84 

16 82 

47 2 

0 98 


1 00 

19 unselected men, wmter, 1929 

5 74 

16 70 

47 1 


■■>81 

Bi 

6 highest men, summer, 1928 


18 15 

48 4 

0 85 

0 89 

Di 

Same 6 men, winter, 1929 

6 16 


47 7 

0 93 

0 95 

■■■ 


findings in summer or winter. This is in agreement with the report 
of Breinl and Priestley (21) that season had no influence on the average 
blood counts performed in children in Australia It is interesting to 
observe that the blood findings in the six men who showed unusually 
high figures at the first examination were on the whole distinctly lower 
at the second examination, although still greater than the general 
average 

The cause of “tropical anemia ” Since it appears that the pallor so 
noticeable in healthy residents of warm climates cannot be explained 
on the simple basis of a physiological anemia, it is interestmg to specu- 
late on the cause of this striking effect of tropical climates The effect 
of shorter hght rays on the skin and the process of pigmentation, the 
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lack of stimulating winds and invigorating cold, different habits of 
diet and life wnth their resulting effect on metabolism, are only a few 
of a large number of possibilities 

Djkman (52) who has had a large experience in tropical physiology, 
points out tliat in the cooler regions it is only the regularly uncovered 
skin, directly exposed to the influences of weather, that is generally 
distinguished by richness of blood The covered skin, which is usually 
pale, mav be said to be in an artifiaally produced tropical climate 
Lehman and van der Scheer (117), and Musgrave and Sison (139) 
consider the pallor of the skin to be a local vasomotor condition The 
latter workers have found blood pressure to bo lower in tropical cli- 
mates and suggest that this as well as the pale appearance can be 
explained on the basis of a diminished peripheral resistance They 
further point out that the “anemia” is a very evanescent one which 
V cry readil} disappears on transferring to a colder climate 
The contention that the anemic appearance is due to ischemia of the 
skin capillaries (30) can scarcely be held as being probable since a large 
blood supply is needed for one of the most important functions of the 
skin in hot climates, namely sweating 
Strong (198) suggests that clianges in the skin itself must be con- 
sidered "There ma> be a greater thickness of tlie unpigraented epi- 
dermis which (unless the epidermis is perfectly transparent) will allow 
less light of rll colors to pass through to the capillary layer, and will, 
at the same time, scatter more white light back to an observer’s e>c 
“tVithoiit change in the thickness of the unpigmcnted laj er of the 
epidermis, it may become more milky, so that, as before, less light 
reaches the capillarv lajcr, while more wlute light is scattered back 
to an observer’s eje ” Tinallj, “Tlie epidermis may become partially 
opaque to red light " According to this author, an anemic look may 
coinade with the very first stage m the production of pigment in 
the epidermis 


We arc aware of striking changes in the structure of the skin in 
hv pothy roidism The pale, w axy' appearance of indiv iduals suffering 
from my xedema is a striking picture of that disease Tills jvallor may 
or may not be assoaated with changes in the blood Certainly it is 
et least partly due to clianges in the skin Is it not possib'c that a 
lower metabolic rate with some assoaated changes m the slin, is 
another factor n the production ol the pale complcvion of the ‘south’ 
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There has been considerable discussion regarding the basal metabolic 
rate m the tropics On theoretical grounds, ''banking the fires,’' as 
one writer has put it, would be of considerable value in the acchmatiza- 
tion of persons hving in the South Several workers believe they 
have demonstrated a low rate Thus in 47 determinations on 10 
white individuals and 10 blacks, de Almeida (3) in Brazil found a dis- 
tinctly low basal metabolic rate, a finding which he has again con- 
firaied more recently Montoro (138) m Cuba and Fleming (63) m 
the Philippines demonstrated a basal rate lower than the accepted 
standards of New York, while Corlette (34) found sirmlar results in 
Austraha, as did also Sundstroem (200) Hafkesbring and Borgstrom 
(90) in New Orleans, in a carefully controlled senes of 88 experiments 
on 9 subjects, found the metabolism of individuals living in New 
Orleans to be definitely lower than the values given by the DuBois, 
Harris-Benedict, and Dreyer standards, the average deviation from 
the standard being —18 per cent, —16 per cent, and —14 per cent, 
respectively Again, Hmdmarsh (100) m Sydney, Australia, found 
in 76 subjects an average reduction of 10 per cent in men and women 
as compared with the DuBois predicated values McConnel et al 
(130) found that there is a temperate zone of imnimum metabolism 
between 75° and 83°F effective temperature and that above or below 
this temperature metabohc rate is increased 

Not all metabohc studies, however, are in agreement with those 
above mentioned Eijkman’s (51, 52) expenments m the white and 
colored race showed a metabohc rate equal to that found m New York 
Steggerda and Benedict (196) foimd in 5 female browns and 8 male 
blacks in Jamaica a metabohsm on the average not markedly different 
from that of white persons in northern latitudes Thirty-seven male 
browns showed a rate of 5 4 per cent below predicted Harns-Benedict 
values Williams and Benedict (211) found no change in white 
members of an expedition to Yucatan, while 32 Mayas had an average 
rate 5 2 per cent above the standards in New York 

As regards seasonal variation, Gustafson and Benedict, (87) as 
well as Griffith and his co-workers, have found no differences in meta- 
bohc rate at different times of the year, while Gessler (66) reports a 
seasonal variation 

Differences m diet between hot and colder climates have received 
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the attention of several workers The studies of Denis, Borgstrom, 
Hafkesbnng, and Bost (38) in New Orleans showed a lower unnary 
nitrogen output m warm as compared with cold weather Part of 
this decreased nitrogen output could be accounted for by loss through 
perspiration, but protein consumption in New Orleans students also 
showed a distinctly lower level (60 per cent) as compared wnth north- 
ern standards Basal metabolic rate appeared to fluctuate with 
food intake 

Similar results as regards protein consumption in warm countries 
were found in Sydnej , Australia (166) On the other hand, the in\ es- 
tigations of several other workers show no similar diminution in food 
consumpuon (50, 169, 5, 69, 29, 200 ) 

It must be remembered that a metabolic rate lower than that given 
as normal m northern latitudes, cv'en if finallj proven to bo general 
in the South, need not necessanly be the effect of climate It is not 
unlikely that the accepted standards arc too high This has been 
suggested by several investigators recently Furthermore, more com- 
plete relaxation which may be possible in warmer climates maj be a 
factor The entire subject is still very much unsettled The influence 
of alow ered protein intake and basal metabolic rate in the production 
of tropical anemia” is thus still a hypothetical, although an inter- 
esting one 


REFERENCES 

(1) AnDrsnAioEN, E , avd Roskt, G Die Bedeutung dcr Mitz fUr Blulmenge und 
I^^^Ucusammcnsetzuiig, Pflugcr’s arch i d ges rh>siol , 1927, 216, 30S 
' ' J J Obst and Gj-nacc Bnt Emp, 1902, 1,414, quoted in Ijppman 

(reference 120) 

(3) DEALiiFtDA,A 0 LcMctabohsmcMmimumctlcMctabohsmeBasalderiloramc 

dePhi-sioI et do Path Gen., 1919-1920, 19, 713, 95S, Ibid 1922, 

(4) Ala, QuelqucsMotssurlc NombrcMo>cnde5 Globules Rouges Cher lea 
... , ^^^''^^csEcolcsPrimaires, ActaMed Scandlnav ,1923,58,63 

soiH Diet and Nutnlion of the Phdipino People, Philippine J Sc, 1909, B 4 , 
19o, 225 

(6) BAacaorr, J Discussion on "Medical Aspects of tale at Iligli Altitudes, Proc. Roy 
m a ' ‘P22-23, 16, pt 1-2, 58 

(SI The Significance of Hemoglobin, rh> lol Key 1924,4,329 

Aai^orr, J Xhe Respiratory I unction ol the Bloo<J Cambridge linlserslty 

Iress,Canlmdpe 1925 



246 


MAXWELL M WINTROBE 


(9) Barcroft, J , et al On the Relation of External Temperature to Blood Volume, 
Phil Trans Roy Soc London, 1923, B 211, 417, 455, quoted m Sundstroern 
(reference 200) 

(10) Barcroft, J , ex al Studies in the Function of the Spleen, J Physiol , 1923, 58, 

138, ibid 1925, 60, 443, ibid 1925, 60, 79, ibid 1927,64, 1, ibid 1928,66,231,’ 
Am J Med Sc , 1930, 179, 1 

(11) Bell, J R , Thojias, F K , and Means, J H Studies on Red Cell Diameter, 

J Chn Investigation, 1926-27, 3, 229 

(12) Ble, Valdemar, and Moller, Paul Constitution du Sang Humain Normal, 

Arch d Mai du Coeur, 1922, 15, 177 

(13) Beerring, Karl Variations in the Number of Erythrocytes m Normal Persons, 

Acta Med Scandmav , 55, 584 

(14) Binet, L , Cardot, H , and Williamson, R La Role de la Rate dans la Deter- 

mmation de la Polyglobulie Asphyxique, Compt rend Soc de biol , 1926, 95, 
262 

(15) Bing, H I On the Number of Red Blood-Corpuscles at Different Ages and Under 

Different Circumstances, Acta Med Scandmav , 1921, 53, 833 

(16) Birley, j L Reports of the Air Medical Investigation Committee, London, 1918, 

2, 5, quoted in Gregg, Lutz and Schneider, (reference 78) 

(17) Bland, P Brooke, Goldstein, Leopold, and First, Arthur Secondary anemia 

m Pregnancy and in Puerpenum, Am J Med Sc , 1930, 179, 48 

(18) Boothby, W M , and Berry, F B The Effect of Work on the Percentage of 

Hemoglobin and Number of Red Corpuscles in the Blood, Am J Physiol , 
1915, 37, 378 

(19) Borner, R Das Blut des Menschen Mit Neuren Methoden Untersucht, Arch f 

d ges Physiol , 1928, 220, 46 

(20) Borysiewicz, A Contraction de la Rate Provoqu6e per I’Injection d’Adrenaline 

et Comportement du Sang Splemque chez les Animaux, Compt rend Soc de 
Biol , 1928, 99, 931 

(21) Breinl, a , and Priestley, H Observations on the Blood Condition of Children 

of European Descent Residing in Tropical Australia, Ann Trop Med , 1914, 
8,591 

(22) Brinkman, R , and Szent-Gyorgyi, A V The Reversion of Hemolysis, J Physiol 

1923, 58, 204 

(23) Broun, G O Blood Destruction Dunng Exercise, J Exp Med, 1922, 30, 481, 

ibid 1923,37,113,187,207 

(24) Burger, W Schnued Arch 1926, 118, 127, quoted m Pnce-Jones (reference 165) 

(25) Burker, K Das Gesetz der Vertedung des Hamoglobins auf die Oberflache der 

Erythrocyten, Arch f d ges Physiol , 1922, 195, 516 
(25a) Cabot, R C Clinical Exammation of the Blood, New York, William Wood and 
Company, 1897, 44-45 

(26) Cameron, A T A Note on the Number of Molecules and Ions Present m a Single 

CeU, Trans R S C , 1929, Section 5, 151 

(27) Campbell, J M H The Relative Volume of Corpuscles and Plasma, and the 

Relation of this to Hemoglobin Percentage and the Number of Red Blood 
Corpuscles, Brit J Exper Path ,1922,3,215 

(28) Capps, J A A Study of Volume Index Observations upon the Volume of Ery- 

throcytes m Various Disease Conditions, J Med Research, 1903, 5, 367 



ERYTHROCYTE IN MAN 


247 


(29) CaspaRi, W , AND SCHOLING, Cj Dber den Stoffwcchscl dcr Luropher m den 

Tropen, Zcitsch T Hjgien ,1920,91,57 

(30) Casteliam, a , AND Chalmers, A J Manual of Tropical Medicine, Wood, New 

York, 1913, 101 

(31) Chamberlain, W P The Red Blood Corpuscles and the Hemoglobin of Healthy 

Adult American Males Residing m the Philippines, Philippine J Sc , 1911, 
6, *183 

(32) ConNHEm, 0 , Klecuvcer and Rixcuncer Ztschr f Ph>'siol Chem , 1909, 

63, 413, quoted m Broun preference 23) 

(33) Collatz, Berthold Das Blut dcs Mcnschen mit Neucren Methoden untcrsucht, 

Arch f d ges Physiol , 1928, 220, 691 

(34) Corixtte, C n On Some Relations of Climate, Weather and Fat Covering to 

Metabolism, M J Australia, 1923, 1, 172 

(35) Cornell, B S TheLffcctsof Liver m the Diet of the Blood of Normal Persons, 

Canad M A J , 1928,28,394 

(36) CtmrBERT, J A Compan-ion between Bloods of Some Non malanil and Alai 

anal European Soldiers m Sierra Leone, J Roy Army Med Corps, 1911, 17, 
56 

(37) Da Costa J C,Jr Clinical Hematology, Philadelphia, Bbkiston, 1907, pp 172, 

173,175,176,177 

(38) Deihs, W , ET al, Stud> of Relation of Climate, Diet and Basal Metabolism, 

J Biol Chem, 1924, 61, 109, Am JPh>*siol, 1926-27, 79, 229, 242, 245 

(39) Drasticii, L Le Taux de I'Hcmoglobme dans les H6matics Est il Constant chez 

Tousles Animaur, Compt rend Soc de Biol , 1928, 98, 266 

(40) Dbastich, L Abalsscment de la Conccntintion d’Hcmoglobinc dans Les £ry- 

throc> tes dcs Ammaux sous l’InflucnccdcrAirRarCC6,Corapt rend 5oc.de 
Biol, 1928, 93, 1040 

(41) Drastzqi, L Sur la Concentration de rHemoglobine dans les Hematics NucIlSes 

ct au Cours de I’AnCmic chez PHomme, Compt rend Soc dc Biol , 1928, 
99.991 

(42) Drasticu, L Uber den Emfluss dcr LuftvcrdQnnung auf die HSmoglobinkon 

zcnlration m den BlutkOrpcrchen und liber die Wlrlung dcr Milz auf Blut- 
regeneration, Biocbcm Ztschr , 1928, 195, 189 

(43) Drastich, L Isl die Konrentration dcs Blutfarbstoffcs im BlulkOrperchcn bel 

alien Ticren Konstant? Zuglcich cine Bcmcrlung zum BUrkcrs^cn Hemo- 
globin Vcrteilungsgcsctz, Pfiugcr’s Arch { d ges Physiol , 1928, 209, 227 

(44) Dreyer, Geopces, Bazett, H C , ait) Pierce, H F Diurnal Vanaiions in the 

Hemoglobm Contentof the Blood, Lancet 1920, 2,583 

(45) Drinker, c k , Drinker, K R , and Kreutzmans, H Tlic F-vclora Con 

cemed m the Appearance of Nucleated Red Blood Corpuscles in the Pcnphcral 
Exper Med , 1918, 27,249 

(46) Dryekre, n Millar, W G , and Ponder, E An InvTstigation into the Sire cf 

Homan Cr>ahrocytes before and after Excrare, QuatU J Exjyr Phyilol , 
1926-1927,16,69 

(47) Ldcecomb, W Effect of F xerci«c on the Hemoglobin with Rc'crcrce to the \ aLc 

'’f^^wtlniheTreatmenlofAncTria.BntM J,1S9« 1.1651 
( )EiaMA\\,F Cb^r Blulverlust und Vcrundcrbci dcr ^Icn5t^uaU''a, Di*5 Kiel, 
1911, 41, 42, quoted by Rud (rrfcrencc 177) 



246 


MAX^VELL M. WINTROBE 


(9) Barcroet, J , et al On the Relation of External Temperature to Blood Volume, 
Phil Trans Roy Soc London, 1923, B 211, 417, 455, quoted m Sundstroem 
(reference 200) 

(10) Barcroft, J , et al Studies in the Function of the Spleen, J Physiol , 1923, 58, 

138, ibid 1925, 60, 443, ibid 1925, 60, 79, ibid 1927, 64, 1, ibid 1928,66,231,’ 
Am J Med Sc , 1930, 179, 1 

(11) Bell, J R , Thomas, F K , and Means, J H Studies on Red Cell Diameter, 

J Chn Investigation, 1926-27, 3, 229 

(12) Bie, Valdemar, and Moller, Paul Constitution du Sang Humain Normal, 

Arch d Mai du Coeur, 1922, IS, 177 

(13) Bierring, Karl Variations in the Number of Erythrocytes in Normal Persons, 

Acta Med Scandmav , 55, 584 

(14) Binet, L , Cardot, H , and Williamson, R La Role de la Rate dans la Deter- 

mmation de la Polyglobuhe Asphyxique, Compt rend Soc de biol , 1926, 95, 
262 

(15) Bing, H I On the Number of Red Blood-Corpuscles at Different Ages and Under 

Different Circumstances, Acta Med Scandmav, 1921, 53, 833 

(16) Birley, j L Reports of the Air Medical Investigation Committee, London, 1918, 

2, 5, quoted in Gregg, Lutz and Schneider, (reference 78) 

(17) Bland, P Brooke, Goldstein, Leopold, and First, Arthur Secondary anemia 

m Pregnancy and m Puerpenum, Am J Med Sc , 1930, 179, 48 

(18) Boothby, W M , AND Berry, F B The Effect of Work on the Percentage of 

Hemoglobin and Number of Red Corpuscles in the Blood, Am J Physiol , 
1915, 37, 378 

(19) Borner, R Das Blut des Menschen Mit Neuren Methoden Untersucht, Arch f 

d ges Physiol , 1928, 220, 46 

(20) Borysiewicz, A Contraction de la Rdte Provoquge per ITnjection d'Adrenalme 

et Comportement du Sang Splemque chez les Animaux, Compt rend Soc de 
Biol , 1928, 99, 931 

(21) Breinl, a , AND Priestley, H Observations on the Blood Condition of Children 

of European Descent Residing in Tropical Austraha, Ann Trop Med , 1914, 
8,591 

(22) Brinkman, R , and Szent-Gyorgyi, A V The Reversion of Hemolysis, J Physiol 

1923, 58, 204 

(23) Broun, G O Blood Destruction Durmg Exercise, J Exp Med , 1922, 30, 481, 

ibid 1923,37,113,187,207 

(24) Burger, W Schmied Arch 1926, 118, 127, quoted in Pnce-Jones (reference 165) 

(25) Burker, K Das Gesetz der Verteilung des Hamoglobms auf die Oberflache der 

Erythrocyten, Arch f d gesPhysiol,1922, 195, 516 
(25a) Cabot, R C Clinical Exammabon of the Blood, New York, William Wood and 
Company, 1897, 44-45 

(26) Cameron, A T A Note on the Number of Molecules and Ions Present in a Single 

CeU, Trans R S C,1929, Sections, 151 

(27) Campbell, J M H The Relabve Volume of Corpuscles and Plasma, and the 

Relation of this to Hemoglobin Percentage and the Number of Red Blood 
Corpuscles, Brit J Eiqier Path, 1922, 3,215 

(28) Capps, J A A Study of Volume Index Observabons upon the Volume of Ery- 

throcytes m Various Disease Conditions, J Med Research, 1903, 5, 367 



ER\THEOCYTE IN MAN 


247 


(29) Caspasi, W , AND ScniujNO, C t)b«r den StoCwechscI dcr Europher m den 

Tropen, Zcitsch E Hjgicn ,1920,91,57 

(30) Casteliani, a , and Chalmfrs, A J Manual oC Tropical Medicine, Wood, New 

York, 1913, 101 

(31) Ciiauheklaiv, W P The Red Blood Corpuscles and the Hemoglobin of Healthy 

Adult American Males Residing in the Philippines, Philippine J Sc , 1911, 
fi,483 

(32) ConmiEiit, 0, Kleounoer and Keegunger Ztschr f Physiol Chem , 1909, 

63, 413, quoted m Broun (reference 23) 

(33) COELATZ, Bertoold Das Blut des Menschen mit Neueren Methoden untersucht. 

Arch f d ges Physiol ,1928, 220, 691 

(34) CORLETTE, C E On Some Relations of Climate, Weather and Fat Covering to 

Metabohsm, M J Australia, 1923, 1, 172 

(35) CoRNEix, B S The Effects of Liver in the Diet of the Blood of Normal Persons, 

Canad M A J , 1928,28,394 

(36) CurriBERT, J M A Comparison between Bloods of Some Non malarial and Mal- 

arial European Soldiers in Sierra Leone, J Roy Army Med Corps, 1911, 17, 
56 


(37) DaCosta,J C,Jr Clinical Hematology, Philadelphia, Blakiston, 1907, pp 172, 

173, 175, 176, 177 

(38) Denis, W , Ei At Study of Relation of Chmate, Diet and Basal Jletabohsm, 

J Biol Chem, 1924, 61, 109, Am J Physiol ,1926-27,79,229,242,245 

(39) DRASTiai, L Lc Tnuz de PHemoglobme dans les H^maUes Est il Constant chez 

Tousles Animauz, Compt rend Soc de Biol , 1928, 98, 266 

(40) DRASUCir, L Abaisscment de la Concentration d'Hemoglobinc dans Les £ty. 

throcy tes des Ammaua sous ITnfluence de I'Air RarCiit, Compt read Soc de 
Biol, 1928, 98, 1040 

(41) DRASTiat, L Sur la Concentration de PHemoglobinc dans les Hematics NucICes 

et au Cours de I'Animie chez I'Homme, Compt rend Soc de Biol , 1928, 
99,991 

(42) DRASTTCn, L Eber den Pinfluss dcr Luftverdllnnung auf die HSmoglobinton- 

zcntration in den BlutkSrperchcn und fiber die Witkung dcr Mila auf Blut- 


regcneration, Biochcm Ztschr , 1928, 195, 189 

(43) DRASiicn, L 1st die Konzcntration des BlutfaibstoOes im BlutkSrperchen bei 

alien Ticten Konstant? Zuglcich cine Bemerkung lum BUrkcrschcn Hamo- 
gtobin Verteilungsgcsctz, Pflugcr’s Arch f d ges Physiol , 1928, 209 227 

(44) Dreyer, Georges, Bazett, H C , and PtERcr, H P Diurnal Variation’s in the 

Hemoglobin Content of the Blood, Lancet, 1920, 2, 588 

(45) Drineer, C k , Drim-er, k R , and kRtrurzuAN-N, H A The Factors Con- 

cerned in the Appearance of Nucleated Red Blood Coipuscles in the PenDheml 
Blood, J F-iper Med, 1918, 27, 249 ' 

(46) Drverre, H , MitLAR, W G , and Po ider, F. An Invesugation into the Size of 

Human Erythrocytes before and after Eierasc, Quart. T Exner Phieiol 
1926-1927,16,69 ' ruysioi, 

(47) Ebarjxua, W Effect of Eiercise on the Ueiroglobin with Reference to the 1 ahie 

®‘K«stintlicTreaimentof Anemia, BnLM J ,169S, 1 165| 

( )Exani^ s,E Cber Blutverlu.t und Venndcr bei dcr Menstruation Diss Kiel 

1911, 41, 42, quoted b> Rud (rrfertnee 177) ' ^ * 



248 


MAXWELL M WINTROBE 


(49) ErjKjiAN, C Blutuntersuchunger in den Tropen, Virchow’s Arch f path Anat 

1891, 126, 113 

(50) Eijkman, C Beitrag zur Kenntnis des Stoffwechsels der Tropenbewohner, Vir- 

chow’s Arch f ges Physiol , 1893, 133, 105 

(51) Eijkman, C I)ber den Gaswechsel der Tropenbewohner speciell mit Bezug auf die 

Frage der chemischenWarmereguherung, Arch f d ges Physiol , 1896, 64, 57, 
quoted in Sundstroem (reference 200) 

(52) Eijkman, C Concerning the Influence of Tropical Chmate on Man, Lancet, 1924, 

1,887 

(53) Eisbrics, F Das Blut der Haustiere mit neueren Methoden untersucht. Arch f 

d ges Physiol , 1924, 203,285 

(54) Elvejhem, C a , Steenbock, H , and Hart, E B Is Copper a Constituent of the 

Hemoglobin Molecule? J Biol Chem , 1929, 83, 21 

(55) Emmons, W F The Interrelation of Number, Volume, Diameter and Area of 

Mammalian Erythrocytes, J Physiol , 1927-28, 64, 215 

(56) Emmons, W F Chnical Enometer, Quart J Med , 1927, 21, 83 

(57) Engelsen, E • Blodlegemernes Antal Haemoglobinmaengde og Storrelse, Th&se, 

Copenhague, 1884, quoted by Rud (reference 177) 

(58) Eve, F C Early Diagnosis of Pernicious Anerma by Halometer, Bnt M J , 1929, 

2,48 

(59) Ewing, J Chnical Pathology of the Blood, New York & Philadelphia, Lea Broth- 

ers & Co , 1903, pp 104-106 

(60) Fehrsen, 0 M The Hemoglobin and Corpuscular Content of the Blood of the 

Newborn, J Physiol , 1904, 30, 322 

(61) Ferrari, Riv di Pat Nerv , 1897, 2, 306, quoted m Izqmerdo and Canon (reference 

108' 

(62) FitzGerald, Mabel P Observations on the Changes m the Breathing and the 

Blood at Vanous High Altitudes, Phil Trans Roy Soc , London, 1913, s B , 
103, 351 

(63) Fleming, W D Respiratory Metabolism and Blood Chemistry of Filipinos, J 

Metab Research, 1923, 4, 105 

(64) Foerster, j Lustverdunnung und Blutregeneration durch Hamopoietme, Bio- 

chem Zeitschr , 1923, 145, 309, quoted in Drastich, (reference 40) 

(65) Galloway, Charles Edwin Anemia in Pregnancy, Am J Ohs and Gyn , 1929, 

17, 84 

(66) Gessler, H Die Konstanz des Grundumsetzes, Arch f d ges Physiol , 1925, 

207, 370 quoted m Gustafson and Benedict (reference 87) 

(67) Giannini, G Effect of Rarefied Air on Erythrocyte Count and Hemoglobin 

Content of Blood, Ztschr f d ges exper Medizin, 1929, 64,431 

(68) Glogner, Max Blutuntersuchungen in den Tropen, Virchow’s Archiv f path 

Anat , 1892, 128, 161 

(69) Glogner, Max Mem Mahrungsbedurfms in Tropen und in Europe, Arch f 

Schiffs u Tropen- Hyg , 1909, 13, 169 

(70) Gough, A The Nature of the Red Blood Corpuscle, Biochem J , 1924, 18, 202 

(71) Graai, Chr Untersuchungen uber die Grosse der roten Blutkorperchen im Nor- 

mal Zustande und bei verschiedenen Krankheiten, Fortsch d Med ,1884,2, 
33, quoted in J C Da Costa, (reference 37) 

(72) Gram, H C Undersogeleser over de rode Blodlegemers Storrelse hos MennesU, 

These, Copenhague, 1883, quoted in Rud (reference 177) 



ER\TIIROCYTE IN ilAN 


249 


(73) GraWjH C Ph>sioIogical Anemia of Prcgnanc>,lTgcskr f I>aeger, Copenhagen, 

1920, 82,1609 

(74) Gram, H C The Influence of Sweat Baths on the Composition of tlic Blood, Proc 

Soc Exper Biol & Med , 1923,21, 137 

(75) Graw, H C On the Size and Form of the Red Cells m Kormal and Anemic Cases, 

Acta Med Scandina\ ,1927,66,295 

(76) Gram, H C , avd Norcaaed, A Rchtion Between Hemoglobin, Cell Count and 

Cell Volume in the Venous Blood of Nonnal Human Subjects, Arch Int Med , 
1923,31,161 

(77) Greene, C H , and Rowntree, L G The Effect of tlic Experimental Adminis- 

tration of Excessive Amounts of Water, Am J Phjsiol, 1927, 80,209 

(78) Gregg, H W,Lutz, B RjANdScrneidpr, E C The Clxangcs in the Content of 

Hemoglobin and Er>’throc>tesof the Blood m Man During Short Exposures 
toLowOxjgen Am J Physiol ,1919,50,216 

(79) Gretiant ATT) QcnvQLAUD Compt rend Acad , 1882, 94, 1450, quoted in Broun 

(reference 23) 

(80) CRtPriTTi, F R , PucHEE, G W , Brownell, R. A , Kleu , J D , an*d CARsrEE, 

M E Studies in Human Ph> siologj , Am J Phjsiol , 1929,87, 602 

(81) Gposii, I C ANT) SiiFEL J L The Diameter of the Red Blood Cells in the 

Differcntiationof Anemias, Arch Ini Med ,1925,36 S74 

(82) Gross, and Kestner ZUcIir { Biol , 1920, 70, 187, quoted m Broun (reference 

23) 

(83) Gross, Kestner, as*o Cohk Biol , 1920, 70,366, quoted in Broun (reference 23) 

(84) Gulland, C r , AND GoODALt, A The Blood, Edinburgh and London, W Green 

and Son, 1914 p 61 

(85) Gu'moBiN, N Ober die Morphologic und ratholog:ic des Blutcs bei Kmdern, 

\ahob f Kinderhcilk 35, 187, quoted b> Rud (reference 177) 

(86) Gunther, Hans Die klini^he Bedeutungder CrosAcnbcsUmmung der Er> throz> 

tendurchmesscr, Deutsches Arch f Urn Med ,1928 161, IS 

(87) GiSTArsoNjF L , and Bfneoict, F G fhe Seasonal \anation in Basal Metab 

olism,Am J rh>*siol 1928 86 43 

(8S) Hadfn, K L Accurate Cnteru for Diffcrtnliating \nc'nia5 Arch Int. Med, 
1923,31,765 

(69) Haden, R. I ,asd\ept, F C The Volume Index and Color Im*ex of Th** Red 
Blood Corpuscles in Newborn Infants, Am J Dis Child , 1924,26,458 

(90) H\rKrsRutNO, R , a' o BorrSTROit, P Studies of Basal Metaljo^ism in New. Or 

leans Am J rh>sioI , 1926-27,79,221 

(91) Havcis F H,ANuMAVs,r C PIclh>smogtaplnc Stud> of Cl anges In \olutrc 

in Intact Animal Am J Phyiol , 1925,75 ISO 

(92) Hartridge H Shape of Red Blood Corpuscles J Ph%-iol 1920,81,53 

(93) Hav c, P B On the Morphological Changes In the Blood Mter Muscular Exer- 

cise, Am J Phjslol , 190^-01, 10, 3S4 

(94) Haaeu, C Des clisraclirr'i anatom du san,j chtz Ics nouseau rt a etc , Conpt 

Sc, 1877, S4 quoted by Red (reference 177) 

^ P-inA,18N0,quotcilinDaO)AUfrefcrcnce37) 

( ) Hi: dercon J Obie-\‘3ti0ns on the Matcrrtl n!o<yI at Term ar * Darin*- (h<* 
Pucq>crum,J Obsiandfjym Bnt I.arp , 1902, 1, l6^,qjD e*’ in Llarde* al 
(rcfc-tnee 17) 



250 


MAXWELL M WINTROBE 


(97) Hernandez, F G The Number of the Red Globules, Trans Pan-Amer Med 

Congress, 1893, 2, 1297 

(98) Hess, Orro Vergleichende Untersuchungen am artenellen, kapiUaren und venosen 

BlutdesMenschen, Deutsches Arch f klm Med , 1921, 137, 200 

(99) Hewson a Description of the Red Particles of the Blood, 1777, in Collected 

Works pubhshed by the Sydenham Society, 1846, quoted in Gough (reference 
70) 

(100) Hindmarsh, Ellen, M The Basal Metabohc Rate of Students m Sydney, N S W, 

Australian J Exper Biol &M Sc , 1927, 4, 22S 

(101) Hofbader, J Die Aetiologie des ELlampsia , Zentralbl f Gynak , 1908, 32, 1469 

(102) Hoff, F Die Vegetative Regulation des Blutes, Deutsche med Wchnschr , 1928, 

54,905 

(103) Holler, G , and Ktjdelka, 0 Resultate von Bestimmungen des Erythrocyten- 

durchmessers beim Menschen unter Physiologischen und Pathologischen Ver- 
haltnissen, Deutsches Arch f klm Med, 1926-27, 154-155,165,172 

(104) Holler, G , and Kddelka, 0 Ueber die Makrozytose der Erythrozyten als 

Charaktenstisches Symptom im Elrankheitsbild der Pankeratitis chromca 
Interstitiahs, Wien Idin Wchnschr , 1927, 40, 837 

(105) Horneffer, Lutz Das Blut des Menschen mit Neueren Methoden untersucht. 

Arch f d ges Physiol , 1928, 220, 703 

(106) Isaacs, R , Gordon, B The Effect of Exercise on the Distnbution of Corpuscles 

in the Blood Stream, Am J Physiol , 1924r-25, 71, 106 

(107) Isaacs, Raphael, and StUROis, Cyrus, and Smith, Millard Tapeworm Anemia, 

Arch Int Med , 1928, 42, 313 

(108) IzQUiERDO, J J , AND CANNON, W B Studies on the Conditions of Activity in 

Endocrine Glands, Am J Physiol , 1928, 84, 545 

(109) Jorgensen, S , and Warburg, E J The Indices and Diameters of the Erythro- 

cytes and the BestHaematological Cntenon of Pemiaous Anemia, Acta Med 
Scandinav , 1927, 66, 109, 135 

(110) Kerwin, William, and Collins, L L Hemoglobin Estimates in Pregnancy, Am 

J Med Sc , 1926, 172, 548 

(111) Kestner, 0 Klimatologische Studien, Zeitschr f Biol , 1921, 73, 1-6 

(112) Knoll, W Oberflachenberechnungen bei menschhchen Erythrocy ten. Arch f d 

ges Physiol , 1923, 198, 367 

(113) Koeppe, H Ueber die Volumenbestimmung der roten Blutkorperchen durch 

zentnfugierung in Hamatokrite% Arch f d ges Physiol , 1905, 107, 187. 

(114) Komocki, Witold Uber die Zahl der roten Blutkorperchen bei gesunden erwach- 

senen Menschen, Virchow’s Arch f Path Anat , 1924, 253, 386 

(115) Lamson, P 0 The R61e of the Liver in Acute Polycythemia, J Pharmacol and 

Exper Therap , 1915, 7, 169 

(116) Leger, Marcel L’Anemie Tropicale Idiopathique et son Hematogramme, Arch 

d mal du Coeur, 1929, 21, 508 

(117) Lehman and van der Sheer, in B Sheube, Diseases of Warm Countnes, Phila- 

delphia, 2nd revised edition, p 150, quoted in Chamberlain (reference 31) 

(118) Limbeck, R V Klimsche Pathologic des Blutes, 1896, quoted in Ewing (reference 

59) 

(119) Lippincott, L S Hemoglobin and Erythrocytes in the South, J Lab & Chn 

Med , 1927, 12, 679 



ERYTHROCYTE IN MAN 


251 


<120) LtpriiAN, H S A Morphologic and Quantitative Stud> of the Blood m the Ktv 
bornPenod, Am J Bis Child , 1924,27,473 

(121) Lucas, W P , Bearc^g, B P , Hoodler, H , Cox, Avita, Jont:s, Martiia, and 

Suvrn, F S Blood Studies m the New bom, Am J Bis Child , 1921, 22, 
525 

(122) L\o\ BlutWBrpcrzabkngcn bei Traumalischet Anamie, Arch ( Path Anat u 

Physiol ,1881, quoted in Bicmng (reference 13) 

(123) L\ov,B C Anemia in I-atcPrcgnancj,J A M A,1929, 92, 11 

(124) MacNatjgutonjP G ThellloodatlOOYcarsof Age, Brit M J, 1922, 2, 14 

(125) Marestavc Be PH>»pergIobulie physiologiquc dcs Pays Chauds, Rev dc Med , 

1890, 10, 463, Hcmatimctne normalc dc I'European &n\ Pays Chauds, Archiv 
dc Med. Nav, 1889, 52,401 

(126) Marriott, W McKix Anhydremia, Physio! Rev ,1923,3,275 

(127) Maurel, E Hcmatimctne normalc ct pathologiquc dcs Pa>s chauds, Arch de 

Med Nav ,1884,42,341,401 

(128) Mayers, L H A Study of the Er> throc> te Curve at Vanous Ages and Its Rela 

tionship to Hcmoglohm Curve, Arch Int Med , 1922,30,478 
(128a) Ma\frsos, H S The Blood C>tol£>g> of Bogs, Am J Physiol (to be pub- 
lished) 

(129) M'Cay, B Indian M Gaz , 1907, 42, 321, quoted m GuUand and GoodaU (refer 

ence 84) 

(130) McCov fFLL, W J , Yaclogloo, C P , a *0 Pulton, W B Basal Metabolism be 

fore and after Exposure to High Temperatures and Vanous Humidities, Pub 
Health Rep , 1924, 39, 3075-3088 

(131) McCoruick, a R. The Biamcter of Red Blood Cells m Health and in Anemia, 

Arch Int Med, 1927, 39, 799 

(132) Medearis, B N , and Minot, G R Studies on Red Blood Cell Biamcter, J 

Clm Investigation, 1926-27,3,541 

(133) McuLEJcBAorT.E Ugesk f Laegcr,l926,8S,72l 

(134) Millar, \\ G The Biffraction Method of Mcasunng the Biametcrs of Erythro 

cytes.Proc Roj Soc , 1925,99,264 

(135) Mills, F S llourlj Hemoglobin Variation in the Anemias, Arch Int.Med , 1925, 

35,760 

(136) MiTauLL, 3 McK. Relationship of Jaundice nnd M eight to Blood \'vlucs in the 

New bom Infant, Am J Bis Child ,1929,38,518 

(137) lltTcnELL, J Effect of Massage on the Numlicr and Hemoglobin Valui* of the 

Red BWl Celts, Am J Med Sc, 1504,107, 501 
(133) MontorojO Basal Metabolism in Cuba Compt rend SCong dcMed Havanaa, 
1921, quoted in F S Sundstroem (reUrtnee 200) 

(139) MusCRAvr IV P ,ant)Sisoj,A G Blood Pressure in the Tropics, A Prclin a*o 

Rqwl, Philippine J Sc , 1910,5,325 

(140) NruMiARDT, K , AND Bw'rusai, ll Effect of I ivcr Brl on Health) Organism 

Zischr f Uin Med ,1929,111,292 

(141) Ncuua “* A oKoLtirnR Archiv ( Heilk , 1890, 10 quoted b> PcHrscn (ttfcc- 

eticc (0) 

(U2) 0'>N3 M , AND Cuimus, O QuiDtiUtiveamlQuahtiltveAsjvctacrChanfreic' 
of Hum n Pry ihn>cy*es Vreh f d geS Physiol , 1925,210,315 
(UBOuvr^ CTT»-hnUctu-c» Urcet 1822, 1, pp 1511,1621 1699, l7TS,qui,icdin 
Ba 0?sla (reference 37) 



250 


MAXWELL M WINTROBE 


(97) Hernandez, F G The Number of the Red Globules, Trans Pan-Amer Med 

Congress, 1893, 2, 1297 

(98) Hess, Otxo Vergleichende Untersuchungen am artenellen, Lapillaren und venosen 

BlutdesMenschen, Deutsches Arch f klin Med , 1921, 137, 200 

(99) Hewson a Description of the Red Particles of the Blood, 1777, in Collected 

Works pubhshed by the Sydenham Society, 1846, quoted in Gough (reference 
70) 

(100) Hindmarsh, Ellen, M The Basal Metabohc Rate of Students in Sydney, NSW, 

AustrahanJ Exper Biol &M Sc , 1927, 4, 225 

(101) Hofbader, J Die Aetiologie des Eklampsia , Zentralbl f Gynak , 1908, 32, 1469 

(102) Hoff, F Die Vegetative Regulation des Blutes, Deutsche med Wchnschr , 1928, 

54,905 

(103) Holler, G , and Ktjdelka, 0 Resultate von Bestimmungen des Erythrocyten- 

durchmessers beim Menschen unter Physiologischen und Pathologischen Ver- 
haltmssen, Deutsches Arch f klm Med , 1926-27, 154-155, 165, 172 

(104) Holler, G , Airo Kudelea, 0 Ueber die Makrozytose der Erythrozyten als 

Charaktenstisches Symptom im Krankheitsbild der Pankeratitis chromca 
Interstitiahs, Wien klin Wchnschr , 1927, 40, 837 

(105) Horneffer, Lutz Das Blut des Menschen mit Neueren Methoden untersucht. 

Arch f d ges Physiol , 1928, 220, 703 

(106) Isaacs, R , Gordon, B The Effect of Exercise on the Distribution of Corpuscles 

in the Blood Stream, Am J Physiol , 1924-25, 71, 106 

(107) Isaacs, Raphael, and StuRois, Cyrus, and Smith, Millard Tapeworm Anemia, 

Arch Int Med , 1928, 42, 313 

(108) IZQUIERDO, J J , and Cannon, W B Studies on the Conditions of Activity in 

Endocrme Glands, Am J Physiol , 1928, 84, 545 

(109) Jorgensen, S , and Warburg, E J The Indices and Diameters of the Erythro- 

c3d.es and the BestHaematological Cntenon of Pernicious Anemia, Acta Med 
Scandinav , 1927, 66, 109, 135 

(110) Kerwin, William, AND Collins, L L Hemoglobin Estimates in Pregnancy, Am 

J Med Sc , 1926, 172, 548 

(111) Kestner, O ■ Khmatologische Studien, Zeitschr f Biol , 1921, 73, 1-6 

(112) Knoll, W Oberflachenberechnungen bei menschhchen Erythrocyten, Arch f d 

ges Physiol , 1923, 198, 367 

(113) Koeppe, H Ueber die Volumenbestimmung der roten Blutkorperchen durch 

zentnfugierung in Hamatokriten, Arch f d ges Physiol , 1905, 107, 187 

(114) Komocki, Witold Uber die Zahl der roten Blutkorperchen bei gesunden erwach- 

senen Menschen, Virchow’s Arch f Path Anat , 1924, 253, 386 

(115) Lamson, P O The R6le of the Liver in Acute Polycythemia, J Pharmacol and 

Exper Therap , 1915, 7, 169 

(116) Leger, Marcel L’Anemie Tropicale Idiopathique et son Hematogramme, Arch 

d mal du Coeur, 1929, 21, 508 

(117) Lehman and van der Sheer, in B Sheube, Diseases of Warm Countnes, Phila- 

delphia, 2nd revised edition, p 150, quoted in Chamberlain (reference 31) 

(118) Limbeck, R V Khmsche Pathologie des Blutes, 1896, quoted m Ewing (reference 

59) 

(119) Lippincott, L S Hemoglobin and Erythrocytes in the South, J Lab & Clin 

Med, 1927, 12,679 



ERYTHROCYTE IN MAN 


253 


(167) lUBiNOvrrrcn, I M Yanation of Percentage of Hemoglobin in Man during the 
DayJ Lab &.Chn Med. 1923, 9, 120 

(16S) RABr^OTsTTcrr,! M , ^NDSTREA^,G Hemoglobin Content of the Red Blood Cells 
m Relation to Their Surface Area, Arch. Int. Med , 192-1, 34, 124 

(169) RA^KE, K E 'Cbcr die Einwirkung dcs TtopenUimas, Berlin, 1900, quoted in. 

Sundstrocm (reference 200) 

(170) Reinfut, E DicZhhlungderBlutkSrperdienundderenBcdcuntungf Eiagno^ 

undTherapic, Leipzig, 1891, quoted m Ward (reference 203) 

(171) RnivicKr Arch. I path Anat u Ph>siol, 1889, quoted inBicrnng (reference 13) 

(172) Rice.J Phi! Mag,l914,28,664,quotcdmEmmons(refcreaceS5) 

(173) RicnAWiaOV, J G On the Identity of the Red Blood Corpuscles in Different 

Races of Mankind, Am J Med Sc, 1877, ns, 73, 112, quoted m Bell, Thomas 
and Means (reference 1 1) 

(174) Rollett, a Elektnsche und Therroischc Emwirkungcn auf das Blut und die 

Structur dcr rothen Blutkarperchen, Arch f d ges rh>'siol , 1900, 82, 199, 
quoted in Gough Preference 70) 

(175) Rous, Peytov, avd Robertson, Oswald H The Normal Pale of Eiy throc> tes, 

J rxper hfed , 1917, 25, 651, 665 

(176) Rou-ntrle, I G , AND Brow'S, G E The Volume of the Blood and Plasma in 

Health and Disease, \V B Saunders Co, Philadelphia, 1929, p 5! 

(177) Run, r J Lc Nombre dcs Globules rouges chez Ics Su;cts normaux ct Icurs 

VanaUon8danslcsDivcrscsCondiUonsphj'siologiqucs,Acta Med Scandmav 
1922-23,57,142,325 

(178) SAsroRD, n N Effect of Ultraviolet Light on Blood of New bom Infants, Am J 

Dis Child, 1928, 35, 9 

(179) Saracea, T Lc Diamitrc dcs HcnuiUcs dc PHomme aue diffcrcnls Ages de la 

Vic, Compt rend Soc dc Biol , 1922,86,312 
(ISO) S\r\cea, 1 DiamStrc Globulairc pendant la Pnvation d’Eau, Compt rend 
Soc de Biol ,1922,87,023 

(111) S\sto \, George On the Supposed Partial I ibcration of Hemoglobm from tlic 
Mammalian Er>*throcjtc, Quart J Kxper Physiol , 1929, 19, 329 

(182) SaiATER, E. A Siiarpe\ Quam^s Anatomy, 2, pt I, 3 \ols,, London, I-ongnans 

Green and Co , 1912, quoted in Gough (reference 70) 

(183) SentER, Van der Geneesk TiiUchr v hted Indie, 1890, quoted in Ijjkman 

(reference 19) 

(1B4) SaiEUNFPT, A , AND kRzawA XL, r W Vanations in Amount of Blowl Cor- 
puscles, Arch f d ges Phjaiol, 1926, 212, 477, 1926 213, 198, and 1926, 215, 

\18S) SairrrrrR \crh Kongr mn Med, 1911,28 597, quoted in Sandstoen Cafer 
ence 200) 

5lc?> .1890,11, 10,lT,quoIcdl> MajtrstrtfertnccnS) 

( tti I'C rhisiolo-irairifctjof \Uuudr,rhj»!ol,Rci ,1921,1,631 

11.-'.) SaiNriots.l C A\nHA\TLK5,L C danrts m the Blood AtUr Art \ 

(IMI '‘'“’''‘I'unnsTrainnR Ara J rh)imL, 1915,36,219 

1 ; ^ tvi -cr, tv Dntcmjchung Uber dAi lltrrorlohlncchalt und d .. 7.abl den 

roten und wc jwn I)Iutl.oT>ettbcn, rtc, \rcli t d Rts rb>n ol, 1593^ 
(ionic Knot 177) 

liA) brAir^T Atobn lUl * I) ol ,32,21B,quotcdly 1 mnj (refsrcnrt 59) 



252 


MAXWELL M WINTROBE 


(144) OuvES, J , AND Barnard, L The Nature of the Surface of the Red Blood Cell 

and Mechanisms of Suspension Stability, Am J Physiol , 1925, 73, 401 

(145) Osgood, E E Hemoglobin, Color Index, Saturation Index and Volume Index 

Standards, Arch Int Med , 1926, 37, 685 

(146) Osgood, E E , and Haskins, H D , Relation between Cell Count, Cell Volume and 

Hemoglobin Content of Venous Blood of Normal Young Women, Arch Int 
Med, 1927, 39, 643 

(147) Orxo Pfluger’s Arch f d ges Physiol , 1885, 36, 12 and 27, quoted by Mayers 

(reference 128) 

(148) Pearl, R , and Miner, J R A Biometric Study of the Relative Cell Volume of 

HumanBlood, in Normal and Tuberculous Males, Bull Johns Hopkins Hosp , 
1927, 40, 3 

(149) Persons, E L Studies on Red Blood Cell Diameter, J Clin Investigation, 1929, 

7, 615 

(150) Phaeen, j M An Experiment with Orange-red Underwear, Phihppine J Sc , 

Sec B, 1910, 5, 525 

(151) Pi jeer, Adrianos An Improved Diffraction Method for Diagnosing and Follow- 

ing the Course of Pernicious and Other Anemias, Bnt M J , 1929, 1, 635 

(152) Plehn, F Studieu zur Klimatologie, Physiologic und Pathologic in den Tropen, 

Berhn, 1898, quoted in Breml and Pnestley (reference 21) 

(153) POHLE, K tJber die grosse und Grossenstreuung der roten Blutzellen bei Anamien , 

Ztschr f klin Med , 1927, 106, 651 

(154) POLZL, A Uber menstruelle Verander des Blutbefundes, Wien klin Wcbnschr , 

1910, p 238 

(155) Ponder, E Alterations m the Diameter of Erythrocytes during Hemolysis, Proc 

Roy Soc , 1922, 94, 102 

(156) Ponder, E The Erythrocyte and the Action of Simple Hemolysins, 1924, London, 

p 192, quoted in Jorgensen and Warburg (reference 109) 

(157) Ponder, E On the Balloon-like Structure of the Mammalian Erythrocyte, Proc 

Roy Soc , 1924-25, 97, 138 

(158) Ponder, E On the Supposed Relation between Surface Area and Hemoglobin 

Content m the Red Cells of Mammaha, J Physiol , 1928, 66, 379 

(159) Ponder, E , and Millar ,W G The Measurement of the Diameters of Erythro- 

cytes, Quart J Exper Physiol , 1924, 14, 67, ibid , 1928, 19, 145 

(160) Price-Jones, C The Vanation m the Sizes of Red Blood Cells, Bnt M J , 1910, 

2, 1418 

(161) Price-Jones, C The Diumal Vanation m the Sizes of Red Blood Cells, J Path & 

Bact,1920,23,371 

(162) Price-Jones, C The Sizes of Red Blood Cells m Emphysema, J Path & Bact , 

1921, 24, 326 

(163) Price-Jones, C . Diameters of Red Cells m Permcious Anemia and in Anemia 

Following Hemorrhage, J Path & Bact , 1922, 25, 487 ^ 

(164) Price-Jones, C Amsocy tosis with Special Reference to Pernicious Anemia, Guy’s 

Hosp Rep , 1924, 74, 10 

(165) Price-Jones, C Red Cell Diameters m One Hundred Healthy Persons and in 

Pemiaous Anemia, The Effect of Liver Treatment, J Path & Bact , 1929, 
32 479 

(166) Priestley, H , and Hindmarsh, E M Blood Urea and Nitrogen Output of 

Australian Students, M J Austraha, 1924, 1, 234 



ERYTnKOC\TE IN 


255 


(208) WiEaiu\N'N, Ernest, and ScinmiiEYER, Aldert Untcrsuchim^n, ubcr den 

Durdimesscrdcs roten BlutkOrpcrchcn, Dcut«ches Arch f Urn Alcd , 1^24- 

25,145-146,362 

(209) WiLLCOCKS, r Some Comparatu’c Obser\itions on the Blood in Chlorosis and 

Pregnanej, lancet, 1881, 2, 944, quoted in Blind et al (reference 17) 

(210) WlLLTDRANT), E A Ucbcr Blutvenndeningen durch MusUcirlxit, Skandin 

Arch f Phjsiol , 1903, 14, 176, quoted m Da Costa (reference 37) 

(211) Williams, G D, \sd Bentdict, P G The Basil Metabolism of m 

“iucatan Am J Ph>siol , 1928, 85,634 

(212) Williamson, C S Imnuence of \gc and Sex on Hemoglobin, Arch Int Med, 

1916,18,505 

(213) WrvTROnn, M M Ihc Volume and Hemoglobin Content of the Red BIockI Cor 

pusclc,i\m J Med Sc , 1929, 177.513 

(211) WivTRonr, M M Hemoglobin Standirds in Normal Men, Proc Soc Lxicr 
Biol & Med, 1929, 26, 848 

215) WisTROur, M M \ Simple and Accurate Hematocrit, J Lab A Chn Me 1 , 
1929,15,287 

(216) \SiNTRonE, M M Bloo<l of Normal \oung Women Residing in i Subtropical 
Climate Arch Int Med , 19o0, 45 287 

s2l7) \\ iSTRODi , M M A Stud> of the Corrclition of Certain Cliancters of tlic Blood 
with Bod> weight, Stature and Surface Area, Human BioIog>, 1930, 2, 275 

(218) Wi TROBF, M M The Diact Calculation of the Volume and Hemoglobin Con 

tent of lheLr>throc>lc A Comparison with Color Index, Volume Index and 
Saturation Index Determinations, (1 o be pubhslicd) 

(219) Wintpodi, M M The Hemoglobin Content, Volume and Ihiclness of the 

Erythrocyte in Pernicious Anemia and Sprue and the Changes Produced b> 
I i\cr Therapy, (lobe published) 

(220) WiNTRODF, M M A Classification of Anemias on the Bails of DifTtrcnrcs m the 

Size ahd Hemoglobin Content of the Pn lhroc> tc, Proc Soc Paper Uio! A 
Med , (To lie published) 

(221) \\i TBOUE, M M , AM) Miilcp, M W Nom al Blood DcUrmlnalions m the 

South Arch Int Med ,1929,43 96 

(322) N G Russian J Trop Mid, 1923 6, 345, quoted in Pnee Jones 

(rcfcnncc 165) 

(223) \\ OHLCEMurn, J Uljcr die Zuiammcnielzung dcs Blutcs und ubcr das \ crhalten 
lies Blutdruckcs im M ustcnUima tl cjqii), B ochem /tschr, 1917,79 2‘K) 
(22 i) ZiiNTz AMi SciiUMni Rfl Studien r i cinir Ph> nolof'ii iks March'll, Berlin 1901, 
quoted in Da Costa (rtfcrencc 37) 



254 


MAXWLL M. WINTROBE 


(191) SiERKA, J M Romero Estudio Sobre la Sangre Humana en Caracas, Gac Med 

de Caracas, 1926, 33, 257 

(192) Sn-VETTE, Herbert A Study of Erythrocyte Diameters in the Newborn, J Lab 

& Chn Med , 1927, 13, 245 

(193) Smirk, R, H T The Accurate Measurement of the Proportion of Corpuscles and 

Serum in Blood, Bnt J Exper Path , 1928, 9, 81 
(193a) Smith, H P , Belt, A E , Arnold, H R , and Carrier, E B Blood Volume 
Changes at High Altitude, Am J Physiol , 1925, 71, 395 
(193b) Smith, K Shirley and Whitby, L E H A Note on Blood Changes Associated 
with Liver Diet in Young Convalescents, Lancet, 1928, 215, 2, 277 

(194) Sorensen, S T UndersogeleseromAntallet of rode og hvide Blodlegemer under 

forsk physiol , og path Tilstande, These Copenhague, 1876, quoted by Rud 
(reference 177) 

(195) Starling, C H Principles of Human Physiology, Philadelphia, Lea & Febigcr, 

1920, p 860 

(196) Steggerda, M , and Benedict, F G The Basal Metabolism of Some Browns and 

Blacks m Jamaica, Am J Physiol , 1928, 85, 621 

(197) Stengel, Alfred Diseases of the Blood, Progressive Medicine, Philadelphia, 

Lea & Febiger, (June) 1899, p 249 

(198) Strong, W M The Causation of Tropical Anemia, Trans Soc Trop Med & 

Hyg, 1916,9,97 

(199) SuNDSTROEM, E S Studies on the Adaptation of Albino Mice to an Artificially 

Produced Tropical Chmate , Am J Physiol , 1922, 60, 443 

(200) StTNDSTROEM, E S Contributions to Tropical Physiology, with Special Reference 

to the Adaptation of the White Man to the Climate of North Queensland, 
Berkeley, Cal, University of Califo'rnia Press, 1926, pp 123, 199, 200, 207, 
The Physiological Effects of Tropical Climate, Physiol Rev , 1927, 7, 320 

(201) Terhola, L Uber Blutverander wahrend d Geburt, Laktationspenode und d 

ersten menses post partum, Arch f Gynak , 1914, 103, 137, quoted by Rud 
(reference 177) 

(202) ViERORDT K Zahlungen der Blutkorperchen des Menschen, Arch f physiol 

Heilk,1852,ll,327 

(203) Ward, H C The Hourly Variations in the Quantity of Hemoglobin and in the 

Number of the Corpuscles in Human Blood, Am J Physiol , 1904, 11 and 12, 
394 

(204) Watkins, C H , Johnson, Richard, and Berglund, Hilding Effect of Liver 

Extract on Eiythrocytes and Reticulocytes m NoWal Individuals, Proc Soc 
Exper Biol & Med , 1928, 25, 720, 835 

(205) Welcker, H Des Gehalt des Blutes in Gefarbte Korperchen, approximativ bes- 

timmt nach der bei methodischer Verdunnung des Blutes enstehenden Far- 
bung, Arch d ver f gem Arb z Ford d wissench Heilk Gottmg , 1854, 
1,195 

(206) Whipple, G H , and Robscheit-Robbins, F S Blood Regeneration m Severe 

Anemia, Am J Physiol , 1925, 72, 395, 408, 419, 431, ibid 1926-27, 79, 260, 
271, 280 

(207) Wickline, W A Effects of Tropical Climate on the White Race, Mil Surgeon, 

1908,23,282 



ERYTHROCYTE IN iLVN 


255 


(20S) WiEcniLVNK, Ernest, and Scourmeyer, Albert Untcrsuchiiru^en, fiber den 
Durchincs‘5erdcsrotcnBluUorpcrchen, Deutsches Arch f kim Med , 1024- 
25,145-146,362 

(209) 4\illcocks, F Some Comparativ’C Obscrxations on the Blood in Chlorosis and 

Prcgnanc>, Lancet, 1881, 2,944, quoted in Bland et al (reference 17) 

(210) WiLLEDRWD, I A XJebcr BluUerkndcrungtn durch MusUcarbcit, Slandm 

Arch ( rh>siol , 1903, 14, 176,quotcdm Da Costa (reference 37) 

(211) Williams, G D, and Benfdict, F G Ihe Basal Metabolism of Majas lu 

\ucatan, \.m J Phjsiol , 1928, 85,634 

(212) WiLLiASisov, C S Imfluencc of Age and Sex on Hemoglobin, Arch Int Med , 

1916,18, 505 

(213) WiNTRonr, M M The Volume and Hemoglobin Content of tlie Red Blood Cor 

pusclc, Am J Med Sc ,1929, 177,513 

(214) WisTROUF, M M Ilemoglohin Standards in Normal Mtn, Proc Soc I xper 

Biol A Med, 1929, 26, 848 

«215) WisTROBE, M M A Simple and Accurate Ilcmalocrit, J I^b &. Chii Med , 
1929,15,287 

(216) ^Y^^TROUF, hi M Blood of Normal \oung \\omtn Residing in i Subtropical 
Climate, Arch Int Med , 19 j0, 45, 287 

l217) W’isTKODE, M M A Studi of the Correlation of Certain Characters of the Flood 
vntli Body weight, Stature and Surface Area, Human Biologj , 1930, 2, 275 

(218) WiVTRODL, M M The Direct Calculation of the Volume and Hemoglobin Con 

tent of the Lrj ihrocytc A Comparison with Color Index, Volume Index and 
Saturation Index Determinations (To be published) 

(219) WiNTRonr, M M The Hemoglobin Content, Volume and Thickness of the 

r rythroc> Ic in Pernicious Anemia and Sprue and the Changes Produced b> 
Liver Therapy, (To be published) 

(220) N\in’Trode, M M A Classification of Anemias on the Basis of Differences in the 

Sue and Hemoglobin Content of the Fr^ throe) Ic, Proc Soc I xper Biol A 
Med , (To be published) 

(221) \Vi TROBE, hi hi , AST) hliLLEi • hi W Notii tI Biood Dcturminations in the 

South, Arch Int Med , 1929, 4 j, 96 

^2^2) WisciisrwST a, N G Itussian J Trop hlid , 1928, 0, 245, quoted in Pnee Jones 

(reference 105) 

(223) WoiiLcriiimr, J Uber die 7uianmcnsctsung des Blulcs und uber das Vcrhallcn 

dcs lUutdrucIcs im Wuslcnkliim (I g>pt) Biochtm /tschr , 1917, 79, 290 

(224) 7untz avd ScnuMnrRO Sludien xu timr Ph>siologir des hlarches, Berlin 1901 

quoted in Da Costa (afvrcnce 37) * 




OBSERVATIONS ON THE COURSES OF DirEERENT TYPES 
or BRIGHT’S DISEASE, AND ON THE RESULTANT 
CHANGES IN RENAL ANATOMY 

D D VAN SL\KI-, EDG\R STILIMAN. EGGERT MOLLER, W EHRICH, 

J F McINTOSH, L LEITER, E M MacKAY, R R HANNON, N S 
MOORE, AVD CHRISTOPHER JOHNSTON* 

rron the llafiU cj The RxU/elltr InsMalcfor lledteal Rcsesrcl , Rea I ert 
Receded for publication August 25, 1929 


CONTESTS 

Introduction 
Nomenclature 
Cases prc*cnletl 

Significance of clinical data presented 
Blood urea clearance 
riasma protein content and edema 
Proteinurn 
Hematuna 
Anemia 
Blood prc$«;ure 

Summar) of chief significances of data charted 
Uncharted data 

TIjc unne «dimcnt count of Addis 
X’lan of prev-ntation of data 
Hcraorrlngic or glomerular nephritis 

General course of bcmonliaric nepHntss 
Acute stare 
lAalcni 8lai e 


25S 

2(.0 

262 

:oi 

26S 

267 

270 

270 

271 

272 

273 
273 
374 

275 

276 

276 

277 
279 


^llicchnicvasorgani edb) Dr St 22:5.a.ir£ 
•was worlml out in its f rsl \*ear8 D- > 2^ cr 
dung il e jcar'i 1926-2*^ and pc*^-=-d _ ™ 
o derng fe’cciirjr, and char^j;- 
hasro''Uihut«Ilhcdc^r-pj 
Dr 'Iclntr*h car*'eri f Lt* r-ijs 
f ral I rpi at ^ n of Uc -ni rjJ f • 

A Lociaird-wvthtlec* of-- it- ^ 

Seif Df Mu* i r- 





258 


D. D VAN SLYKE ET AL 


Active chronic stage _ 279 

Terminal stage 281 

Explanation of charts ^ 282 

Charts of chmcal observations in hemorrhagic cases 283 287 

Discussion of chmcal observations in hemorrhagic cases 285 

Urea excreting power 285 

Hematuria 288 

Blood pressure 290 

Plasma protein content 296 

Proteinuria 300 

Edema . 300 

Anemia 302 

Anatomical changes observed in terminal nephritis 304 

Case histones and autopsy reports, hemorrhagic nephritis 308 

Arteriosclerotic Bright’s disease (nephrosclerosis) 349 

General course 349 

Charts of chmcal observations in artenosclerotic cases 352 

Discussion of chmcal observations in artenosclerotic cases 350 

Urea excreting power 351 

Hematuria . 351 

Blood pressure 351 

Plasma protein content 351 

Proteinuna 351 

Edema 353 

Anemia 353 

Anatomical changes observed in ternunal artenosclerotic Bright’s disease 353 

Case histones and autopsy reports, artenosclerotic Bright’s disease 354 

Degenerative Bright’s disease (nephrosis) 362 

General course 362 

Charts showing chmcal observations in degenerative cases 365, 367 

Discussion of clinical observations in degenerative cases 362 

Urea excreting power 364 

Hematuria . 364 

Blood pressure . 364 

Plasma protein content , 366 

Proteinuna 368 

Edema 
Anenua 

Anatomical changes observed in degenerative Bnght’s disease 368 

Case histones and autopsy reports, degenerative Bnght’s disease 370 

Summary 
Bibliography . 

The study of nephritis beginning with Bright (1836) has led to the 
recognition of different types of renal disease winch have finally re- 
ceived consistent outlines in the classic monographs of Volhard and 
Fahr (1914) and Volhard (1918), and the recent work of Addis (1925, 
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1928) These authors, approaching the problem from considerabl> 
different directions, nevertheless agree in the mam, and recognize three 
chief types of nephropathy, of which the outstanding differential 
characteristics are (1) Hematuria, acute, intermittent, or chronic, 
usually ivith hj'pertension, and with nitrogen retention, frequent in 
the acute stage, regular in the advanced chronic stages, (2) marked 
hypertension, which precedes any serious renal signs, (3) edema and 
heavy proteinuria wathout hematuna or hypertension These three 
conditions are characterized by Volhard and Fahr as glomerulo- 
nephntis, nephrosclerosis (“Nierensklerosc”), and nephrosis, respec- 
tively, w'hile Addis calls them hemorrhagic, arteriosclerotic, and 
degenerative Bnght’s disease 

It was the great service of Volhard and Fahr not only to introduce 
order and danty into the dimcal classification of ncphntides, but also 
for the first time satisfactorily to relate the dimcally defmed condi- 
tions to anatomical changes in the kidneys The outstanding and 
primary histological changes which they observed in the three condi- 
tions were rcspectiacl) (1) Inflammatory glomerular destruction, (2) 
thickening of the small renal arteries, and (3) degeneration affecting 
most markedly the tubules These were the pnmarj and charac- 
tensbe changes noted, although the autopsy material j idded by term- 
inal conditions frequently presented in varjang degree additional 
secondary changes Subsequent observations, including tliosc pre- 
sented m this paper, have confirmed the essentials, dimcal and histo- 
logical, of Volhard and Fahr’s dassification 

In this report we present, from a senes of cases observed closdy 
over periods varying from weeks to years, objective functional and 
clinical data, together, in those caseswhicb have come to autopsy , witli 
descriptions of the terminal histology The data are presented with 
the hope of adding to the clarity and completeness v ith which the 
variable courses of these different tvqiesof renal disease can be pictured, 
and then by lessening the avoidable error of diagnosis and prognosis 

1 he object of Uiis contribution is limited bv the lioundanes of the 
above statement Fliology and tberipy have been 1 eqil constanth 
inview during the progress of tlicworl , but will cntcronU incrdentally 
into this presentation 
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Nomenclature 

With regard to the last two of the three types of renal disease 
mentioned, there appears to be little difference between the Volhard- 
Fahr and Addis nomenclatures “Nephrosclerosis” and “arterio- 
sclerotic Bright’s disease” are so nearly equivalent, both in their 
apparent significance and in the meaning attached to them, that they 
may be regarded as synonymous, and we have used them as such 

Similarly both Volhard and Fahr, and Addis, speak of the “degenera- 
tive” renal diseases However, the former authors also use nephrosis, 
as a convenient and familiar synonym, while Addis, in view apparently 
of confusion that has grown up about the term from controversies 
concerning the nature of the disease, has abandoned “nephrosis” and 
uses only “degenerative Bnght’s disease ” We have had somewhat 
the same feeling, and have to a large extent used the term, “degenera- 
tive Bnght’s disease ” We have employed the shorter synonym, 
however, when the repeated use of the longer one would lead to 
awkwardness of expression, Doubtless, as Volhard remarks m the 
introduction to his later monograph (1918), it is more essential to 
attain clarity concerning the nature of the disease than to be meticul- 
ous concermng the etymology of its name 

In the case of the hemorrhagic or glomerular type although there 
appears to be no difference between Addis and Volhard and Fahr 
concermng the identity of the disease, there is a difference in the man- 
ner in which they have divided it into stages and sub-t)q)es Volhard 
and Fahr divide the disease into the diffuse and focal forms of glomeru- 
lonephritis, which they differentiate chiefly by means of blood pressure, 
the focal (“herdformige”) nephritis being distinguished by the fact 
that, from its acute hemorrhagic onset, throughout its course, acute or 
chronic, the blood pressure remains normal Likewise Volhard and 
Fahr appear to consider maintenance of renal function as a character- 
istic of this type of the disease, except in comphcated cases We 
have not found it easy to differentiate our cases on the basis of blood 
pressure, without inconsistency with regard to the renal function 
Thus cases 10 and 11 showed decreases of renal function, measured by 
the blood urea clearance, to 12 and 4 per cent of normal respectively, 
at immmum points reached 6 and 3 weeks respectively after hemor- 
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TABLE I 


■nrrE or disease j 

HcrDorrliagic(glomer- 

uloncphntis) 


Arlcno* 

sclerotic 

(nephro 

sclerosis) 


Non- 

hemor 

Thagic 

Bcgcncra 
ti%e (ne 
phrosi , I 
Ijpoid or 
am>loid) 


CLlNlCAt COtTlSE 

Acute onset Either 
hcaU, improves 
to a latent con 
dition, or pro 
grosses through 
an intermediate 
chronic state, us 
ually edematous, 
with diminishing 
renal function, to 
terminate in ure- 
mia 

Insidious onset 
Marked h>'iicr 
tension No 

edema unless car- 
diac Death b> 
cardiac failure, 
apoplcrj or 

uremn 


Insidious on cl 
1 dema, and pro 
leinuna No b>- 
pcrlcn'ion M3> 
end in cure, 
dcilh Ij> inter 
current Infection 
or les5frcr;ue*iU> 
urema 


tnivc SEorjcE t 

(ADDIS) 

Red ccUs in \’ar> 
ing numbers 
Rlood, cpitliclial, 
and granular 
casts, m all stages 
except terminal 
H>'ahQC casts m 
all stages Broad 
“renal failure” 
casts in terminal 


Chiefl> hv aline 
casts 


Chicfl> b}*aline 

casts, fcwcpithe 
hal, ratt>,grinu 
hr, and waxj 
No blood casts 
{allure casta in 
eases T^lh Icrru 
nal uremia 

TXmbU refracting 

j.lobi.’n j 


AVATOUICAI CnA^CE5 
or IUD\EYS 

Glcnerular tnfum 
inalioti leading m 
terminal stage to 
ncarl) complete 
destruction In 
tracapillar> and 
crtracapillary 
forms of I ahr 
Also varying tub- 
ular degeneration 
and arterial 
changes 

Arfmoles are dts 
emed, with con 
tracted lumina, 
cndartcnlis, inti 
mal h>'perplasjs, 
fatli dcgencra 
tion, necrosis, in 
degree 
\ arjmg propor 
tions of glomeruli 
de<tio\“cd No 
marked tubular 
degeneration Ne 
cro<is of tubules 
ma> occur 

D irnnafed tubular 
tpttlclium Vn*> 
mg proportions of 
glomenili ma> be 
dcstroj'cd , b>-ahre 
or amjloid In 
am>loid t>-pe nr 
tenolar walls a e 
n o e or let? in 
fdlra’ctl bv an> 
lol imatena! 
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rhagic onset yet neither at any time under observation showed hyper- 
tension Case 18 progressed steadily downwards from the acute 
through the chronic stage, and is now apparently about to enter the 
terminal, but has at no time shown hypertension It has been difficult 
to conceive that these cases in their renal disease are essentially 
different from the others in which hypertension, usually transitoiy, 
occurred during the first weeks of the acute period 
Addis does not, in his outline of the course of hemorrhagic nephntis, 
attempt to make a clinical separation of the focal cases Furthermore 
his descnption of the progress of the disease, from the acute onset 
upwards to cure or to arrest in the latent stage, or downwards through 
the active chronic to the terminal stage, so precisely fits our observa- 
tions, that in describing the clinical progress of our cases the use of 
his terms has been almost unavoidable. We have accordingly used 
Addis’s terminology in the discussion of our observations concermng 
the course of “hemorrhagic nephntis ” 

In the discussion of the pathological histology, however, Fahr’s 
anatomical terminology (Volhard and Fahr, 1914) has been followed 
One might expect confusion to anse from using one set of terms to 
indicate conditions in the living cases and another set to outline the 
anatomical post mortem findings In fact, however, there appears 
to be no such confusion . the use of one term to indicate the climcally 
observed condition and another to express post mortem observations 
serves the purpose of indicating whether the renal condition under 
consideration is being discussed on the basis of clinical or anatomical 
data 

In a semi-diagrammatic and incomplete, condensed form, the more 
outstanding climcal characteristics of the three mam types of renal 
disease may be represented in table 1 (the synonyms of Volhard and 
Fahr are enclosed in parentheses) 

Details concermng the occurrence of these and other charactenslics 
in each type of renal disease will develop later in the discussion of 
specific observations covenng a group of cases of each type 

Cases Presented 

The 67 cases presented have been selected for the most part because 
they are the ones we have had opportumty to observe most completely. 
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In addition a few that were under observation for but short periods 
before death are included for the reason that w e obtained autopsies on 
them 

The cases arc grouped as follows with regard to tlie clinical t\pes of 
renal disease wbch they represent and their outcomes In each group 
the cases with most favorable outcome, or m which the course of the 
disease has appeared to be least rapid or severe, ha% e been placed 
first, while the cases with the most unfavorable or most rapidly fatal 
outcome have been placed last 

Acute hemorrhagic nephritis Nos 1 to 23 
Nos 1 to 5 Inclusive lecoaered 
Nos 6 to 16 improved to the latent stage 
Nos 17 and 18 progressed to the active chronic stage, but still live 
Nos 19 to 23 progressed to the terminal stage and died in from 3 months 
to 4 j cars after Uie itiital acute onset 
Cares admitted tn latent Jonn of hemorrhagic nephritis Nos 23a and 24 
IJotli these cases progressed into the terminal condition, one after 4 j cars 
and the other after 8 >ears, in Uie latent stage Case 23a still bves but 
case 24 has died in uremia 

Cases admitted to the active chronic form of hemorrhagic nephritis Nos 
25 to 37 

Nos 25 to 30 are progressing but still aliv c, from 1 5 to 6 j cars after the 
first sjTnptoms of tlicir disease appeared 
Nos 31 to 37 died 2 5 to 12 jeurs after onset of disease 
Terminal stage of hemorrhagic nephritis Nos 38 to SO 
All the patients who w ere m the terminal stage when admitted hav c died, 
at periods from 6 months to 13 years after sjauptoms of nephritis were 
noticed In Uie cases of longest duration Uicre had app3rcntl> been latent 
penods 

■irteriosclerotic nephritis Nos 51 to 56 

These paUents have all died at penods varving from 3 to 10 jean after 
hj-pcrtcnsion v as notwl One dcatli appeared to be due to cardiac failure, 
two were tjpicallj uremic, while m the other 3 svmptoms of uremia and 
heart failure w ere so combined Uiat it was difiicUlt to ascribe cxitus more to 
one than to the oUicr 

Degtnera'ive neplritis or nephrosis Nos 57 to 60 
No 57 made an apparcntlv complete rccoi cr> 

Of rot 58 to 61, 4 arc sliU living, wiUi the disease in an appareu!^ 
chronic form, and 3 haiedicd from causes oUier than renal fiiiutt 
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Nos 65 and 66 died in typical uremia with mtrogen retention Of these 
no 66 at autopsy was found to be amyloid autopsy on no 65 was not 
permitted 


Significance of Clinical Data Peesented 

In order to present within practicable space observations on so 
large a series of patients over prolonged periods it is necessary to use 
graphic methods and hnnt the data to those of most defimte sigmfi- 
cance We have accordingly given the results of one functional test, 
the blood urea clearance, which has proved the most sensitive and 
reliable The plasma protein contents have been given as the figures 
most closely related to the edematous tendency and to the progress of 
the degenerative type of Bright’s disease, hemorrhagic or non-hemor- 
rhagic The edema itself is represented in a semi-quantitative way, 
and likewise the proteinuria that, in gross form, is part of the degenera- 
tive syndrome Blood pressure values are given because of their aid 
in diflterentiating artenosclerotic nephntis from the other types, and 
of their interest m showing something of the incidence of circulatory 
derangement in hemorrhagic nephntis Hematuria is shown because 
of its diagnostic significance in differentiating hemorrhagic from pure 
degenerative and artenosclerotic nephntides Hemoglobin concen- 
trations in the blood are presented because anemia appears to represent 
one effect of nephntic toxic injury which is measurable, even though 
it IS less senous for the organism than those injuries directly responsi- 
ble for the uremic syndrome 

The blood urea clearances were determined as descnbed by Moller, 
McIntosh, and Van Slyke (1928) Each clearance involves urea 
determinations on one blood sample and on two urine samples passed 
during successive periods of approximately one hour each 

The plasma proteins were determined by the method of Howe 
(1921), the globulins being precipitated by 22 per cent sodium sulfate 
and the albumin determined in the filtrate, all analyses being made 
by rmcro Kjeldahl methods 

Hemoglobin concentrations in blood were determined by the method 
of Palmer (1918) 

Proteins in the urine have been determined in a majonty of the 
cases presented by the approximate Esbach method Dunng the 
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past three years the more nearly quantitative procedure of She\k> 
and Stafford (1923) has been employed Because of tlie semi quanti- 
tative nature of most of the unne protein values w e hav e plotted them 
in a semi quantitative manner in the charts 
Hematuna in most of the cases, unless macroscopic, has been de- 
termined by the usual microscopic examination of sedimentobtained 
from morning unne Dunng the past 3 years the quantitativ e sedi- 
ment count of Addis (1926), on sediment obtained from unne passed 
dunng the last 12 hours of a 24-hour dr> diet, has been introduced 
Some of the results obtained with it are given in the case histones 
Because it was not used in most of the cases presented, we have not 
designed the charts to indicate millions of cells excreted, but only 
the relativ e hematuna roughl j differentiated into 4 degrees (see expla- 
nation before the charts of the hemorrhagic cases) 

Blood pressures have been measured with mercury manometers 
The significances of the above values are discussed below in more 
detail Ihc discussion is based in part on the obscrv’ations of other 
authors, in part on records presented later m this paper 

BLOOD UREA CLEARAlsCr 

Tlic blood urea clearance is used in our charts as the measure of 
renal functional abilitj That urea retention is charactenstic of 
renal failure leading to clinical uremia has long been recognized 
Van Sljke, McIntosh, hlollcr, Hannon, and Johnston (1930) have 
presented data showing that the urea excreting abilit) of the kidncvs 
v.as, m fact, the most sensitive indicator of the state of the renal 
function of several which thev tested, including blood urea and blood 
creatinine concentrations, and phenosulfonephthalciii excretion As 
a measure of the urea excreting power of the ladnevs it has been 
recognired since the work of Arabard (1914) and T C 'iMcLcan (1915 
1917) that the most exact information requires corapanson of both 
blood urea concentration and urea excretion in the unne I'rom the 
workof Mollcr, ifclnlosh, and Van (1928), it appeared tint the 

simplest and most satisfactorj wa> to expres-, the relationship bet wicn 
t lesc two factors was bj mcansof the “blood iiri a clearance," In which 
term ihc) indicated the cubic ceiJin e'ers cf hUod per v u t'e clfurcij of 
urea b\ renal earerction 
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Nos 65 and 66 died in typical uremia with mtrogen retention Of these 
no 66 at autopsy was found to he amyloid autopsy on no 65 was not 
permitted 

Significance oe Clinical Data Presented 

In order to present within practicable space observations on so 
large a series of patients over prolonged penods it is necessary to use 
graphic methods and limit the data to those of most defimte signifi- 
cance We have accordingly given the results of one functional test, 
the blood urea clearance, which has proved the most sensitive and 
reliable The plasma protein contents have been given as the figures 
most closely related to the edematous tendency and to the progress of 
the degenerative t)Tpe of BrighCs disease, hemorrhagic or non-hemor- 
rhagic. The edema itself is represented in a serm-quantitative way, 
and hkewise the proteinuria that, in gross form, is part of the degenera- 
tive syndrome Blood pressure values are given because of their aid 
in differentiating arteriosclerotic nephritis from the other types, and 
of their interest in showing something of the incidence of circulatory 
derangement in hemorrhagic nephntis Hematuria is shown because 
of its diagnostic sigmficance in differentiating hemorrhagic from pure 
degenerative and arteriosclerotic nephntides Hemoglobin concen- 
trations in the blood are presented because anemia appears to represent 
one effect of nephntic toxic injury which is measurable, even though 
it IS less senous for the organism than those injuries directly responsi- 
ble for the uremic syndrome 

The blood urea clearances were determined as descnbed by Moller, 
McIntosh, and Van Slyke (1928). Each clearance involves urea 
determinations on one blood sample and on two urine samples passed 
during successive penods of approximately one hour each 

The plasma proteins were determined by the method of Howe 
(1921), the globulins being precipitated by 22 per cent sodium sulfate 
and the albumin determined in the filtrate, all analyses being made 
by nucro Kjeldahl methods 

Hemoglobin concentrations in blood were determined by the method 
of Palmer (1918) 

Proteins in the urine have been determined in a maj'ority of the 
cases presented by the approximate Esbach method During the 
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for normal adults is 75 cc of blood cleared of urea per minute Molicr, 
McIntosh, and Van Slyhe (1928) m studies on nephnUc patients found 
that with a given subject the same percentages of .average normal 
function ate given by the “maximum” blood urea clearance, deter- 
mined with high unne volume outputs, as by the “standard” blood 
urea clearance, determined with unne outputs vvatbn the usual range 
In cases where dunng the clearance determinations the unne volumes 
exceeded 2 cc per minute, v e have calculated the maximum clearance 
in percentage of normal and recorded it as such in tlie charts Since 
unne volumes in hospital patients seldom exceed 2 cc per minute, 
unless diuresis is intentionally stimulated, however, nearly all the 
clcinincc values shown are “st.andard clearances ” 

From a companson of tlie terminal clearance v-alucs and autopsy 
findings in cases reported in this paper it appears that in l.cmarrJMSic 
and degciicraltfc ncphrtli' one may tntcrprcl the blood vrea clearance os a 
measure of the proportion of glomerular tissue still functioning In 
terminal artcnosderotic nephritis, clearance values which are a small 
fraction of normal hav c been found with a large proportion of glomeruli 
still intact It appears probable that in arteriosclcroUc ncphnlis the 
fall in blood urea clearance is proportional to the decrease in renal blood 
float rather than to the glomerular destruction 


PIASltA PROTEIN CONTENT ANT) EDEMA 


As urea retention in ncphntis is the sign of a condition leading to 
uremia, so is plasma albumin defiat the sign of a condition hading to 
edema As, .after renal failure, edema is the complic.ation that causes 
most frequent concern, so is detcrmiintion of the plasma proteins, 
after that of the urea excreting ability, the quantitative chcmnxol 


cximinition to which v c have come to refer most frequently in judg- 
ing the condition of patients 

In a recuit rqwrt on result^ from 75 nephritic patitnls Moore and 
Ian SIvfe (1930) have shown tint when the total (irolcin content, 
normally avenging 7 per cent, falls below 5 2 to 5 S per cent, or the 
albumin, normally avcnaging i 3 per cent, falls btlow 2 3 to 2 7 ptr- 
cent, or the plasma specific gravity normallv' .avenging 1 027 falls 
below I 0225 to J 0235, edema is usualls present Ihe figure most 
clo'-cly coniKctcd with the edematous tendency' .appears to be the 
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albumin, but as the globulin usually remains unaffected, the total 
proteins and the specific gravity, which reflects the total proteins, as a 
rule both parallel the albumin and show the same correlation with 
edema 

While urea retention is a warning, and not in itself apparently the 
cause of uremia, there is fair proof that plasma protein deficit is an 
important direct cause of non-cardiac nephntic edema 

Evidence that plasma protein deficit predisposes to edema was first 
given by the physiologcal expenments of Starhng (1895-96). He 
measured the osmotic pressure of the plasma proteins and found it at 
a level of about 30 mm , between arterial and venous blood pressures 
Starhng pointed out that it is presumably this osmotic attraction of 
the plasma proteins for water that balances in the capillaries the 
hydrauhc pressure tending to force the flmd out into the tissue spaces, 
and that when the protein osmotic pressure weakens, because of 
decrease in protein concentration, undue amounts of fluid are likely 
to pass out into the tissues He found that the edematous leg of a 
dog perfused with Ringer’s solution remained edematous, but when 
perfused with serum the edema flmd was reabsorbed The salts pres- 
ent, although in molar concentration many times exceeding the 
proteins, have relatively httle effect in controlling fluid diffusion be- 
cause the salts themselves diffuse freely through the capillary walls 

That proteins are scant in the plasma of many nephritic patients 
was noted by Bright (1836) Csatary (1891) noted that the deficiency 
affected the serum albumin more than it did the globuhn, so that the 
albumin globulin ratio, normally 1 5 to 2 0, frequently fell below 1 in 
nephritis These observations have been confirmed and amplified 
by other authors, whose work has been reviewed by Linder, Lunds- 
gaard, and Van Slyke (1924) It was Epstein (1917), however, who 
connected the observation of plasma protein deficit with Starling’s 
expenmental and theoretical work to form an explanation of the cause 
of non-cardiac edema in nephntis This explanation, viz , that the 
decreased osmotic attraction of the proteins for water permits the 
escape of the latter into the tissues, has been confirmed by the work of 
Govaerts (1924), of Schade and Claussen (1924) and of Cope (1928) 
who deterimned directly the osmotic pressure in the sera of normal 
subjects and of nephritic patients with and without edema 
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As might be expected, the relation bct« een protein deficit and edema 
formation is not an entirel> regular and uniform one There are other 
factors v.hich resist or reenforce the hydropigenous effect of plasma 
protein deficit With plasma proteins near the level at nhich thar 
defial usually produces edema, the latter may be present or not, and 
may come and go in the same subject, as these other modifying factors 
exert their influence in one direction or the other Salt intake is such 
an influence a patient with fairly low plasma protein content and 
edema maj lose the latter merely bj bang put on a salt free rtgime, 
although, as iloore and \'an Slyke (1930) have shown, entire dis- 
appearance of edema is infrequent if the proteins are below the above 
quoted critical levels There arc other less tangible influences In 
a patient with tendency to edema barely under control edema may 
appear after infections or operations, and disappear dunng recovery 
In some instances fever appears to tend to make edema disappear, in 
others xormting shows a desiccating effect And in some cases on the 
border hnc edema comes and goes for no observable reason 

In the first weeks of acute nephritis edema may occur with plasma 
protein level normal, this edema is due to some influence quite apart 
from the osmotic effect of the plasma proteins, it may nnse from some 
toxic effect increasing capillary permeability Again in the terminal 
stage of hemorrhagic or artcnosclerotic nephritis edema may occur 
as the result of heart failure 

M'lth these exceptions, the accumulated data indicate that the con- 
stant and dominating factor in producing non cardiac edema in 
Bright’s disease is plasma albunun deficit, the effect of which is onlv 
modified in degree by other influences, and that Epstein’s application 
of Starling’s theory has been justified by the studies of subsequent 
in\ cstigators The data presented in the charts of this monograph 
provade further support for the above statement, at the same time 
that thev furnish txamphsof the effects of other influences in modifv- 
ing that of plasma protein defiat 

The fict that teniiciicj to edema formation is closely related to 
plasma albumin deficit and relatively unaffected by globulin cliangcs 
IS explained by Gov aerts’ (162 1) finding that the albumin exerts four 
times as much osmotic pressure per gram as the globulin 
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PROTEINURIA 

Since proteinuria was shown by Bright to accompany renal disease 
it has maintained its place as a sign of primary diagnostic importance 
To its onginal sigmficance as an evidence of renal injury recent years 
have added another Heavy protein excretion in the unne is accom- 
pamed in almost all cases by protein deficit in the blood plasma, and 
there is a rough parallehsm between the two As indicated by the 
observations of Linder, Lundsgaard, and Van Slyke (1924), loss of 
albumin in the unne does not appear to be the sole cause of albumin 
deficit in the blood plasma The malnutrition common in the edema- 
tous t 3 Tpes of nephritis adds its effect, apparently by retarding rege- 
neration of albumin In a rough approximate way, however, the 
magnitude of protein excretion corresponds with the degree of protein 
deficit in the blood plasma Both gross proteinuna and plasma pro- 
tein deficit are the almost regular accompaniments of the degenerative 
t 3 T)es of renal disease, hemorrhagic and non-hemorrhagic The pro- 
tein that appears in the urine in these types of nephntis (except the 
amyloid) is 85 per cent or more albumin, relatively little globulin being 
excreted in the unne or missing from the plasma (for data and literature 
see Hiller, McIntosh, and Van Slyke, 1927). Correspondingly, as 
mentioned above, the protein loss in the plasma is as a rule confined to 
the albumin fraction 

It is in the degenerative types that the urinary protein output has 
the greatest interest, but in all types it assists in the diagnosis, the 
scanty output in the sclerotic type helping with the hypertension to 
differentiate the condition from the degenerative and hemorrhagic, or, 
in the terms of Volhard and Fahr (1914), from the nephrotic and 
glomerular types of renal disease 

HEMATURIA 

Gross hematuria has long been recogmzed as a common sign of 
acute, and microscopic hematuna as one of chrome, glomerular 
nephntis (Volhard and Fahr, 1914) Addis (1925) points out that of 
all the chmcally observable abnormalities of glomerular nephntis, 
hematuna determined under standardized conditions, is the one which 
is most characteristic and of most assistance in differentiating the 
condition from the pure degenerative (nephrosis) and arteriosclerotic 
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t> pes In order to obtain as nearly as possible a quantitativ e measure 
of hematuna Addis puts his patients for 24 hours on a drj diet and 
centrifugates the unne passed during the last 12 hours Thus a con- 
centrated unne is usually obtained in nhich the red cells do not dis- 
solve The latter are counted in the sediment In part of our cases 
Addis' sediment counts have been made and arc recorded in the case 
histones Unfortunatelj most of the observations reported in this 
paper were made before Addis’ procedure was introduced into our 
clinic The results shown, even by the less precise ordinary micro- 
scopic procedure, howc\er, go far to confirm the importance that 
Addis attaches to hematuna as a diagnostic sign of hemorrhagic or 
glomerular ncphntis In the acute and terminal stages of the disease 
hematuna, macroscopic or readiK detcctible b> ordinarj microscopic 
observation, has been constant Dunng the active chronic stage 
hematuna has usuallj been constant, sometimes intermittent, as 
dclennincd b) ordinary examination 5incc tlie introduction of the 
Addis sediment count microscopic hematuna m excess of normal has 
been found to be practicall> constant in the active chronic stage 
Hie one phase of the "htmorrlngic” disease which is not hemorrhagic 
IS encountered dunng inprov ement or rccov cry from the acute disease 
The hematuna may completely disappear while there is still heavy 
protcinuna, albumin deficit in the plasma, and some tendency to 
edema There follows then a penod of some weeks or months dunng 
which such a case is indistinguishable, except for its history, from a 
pure nephrosis With this exception it appears that some degree of 
hematuna is nearly constant throughout all stages of the condition 
whidi \olhard anf Fahr call glomerular nephntis and Addis terms 
hemorrhagic Bnghl’s disease That hematuna mav also occur in the 
terminal collapse of what Volhard and Tahr term the malignant type 
of ncphrobclcrosis docs not detract senously from its v aluc as a diagnos 
tic charactenstic 

ANLMlV 

Browai and Both (1922) have reviewed the literature concerning 
anemia m nephntis, and have presented data indicating that the 
anemia is due to injury of the bone marrow, which ti'-sue shirts in 
the constitutional damage that is 1 nown to be sulTered by the heart, 
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retina, and blood vessels. Brown and Roth (1922, 1923) further pre- 
sented figures showing a definite prognostic significance of anemia in 
nephritis In a group of 139 cases, those with no anemia showed in 
2.5 years 18 per cent mortality Those with 60 to 85 per cent of 
normal hemoglobin content showed 46 per cent, and those with less 
than 60 per cent of normal hemoglobin showed 85 per cent 

BLOOD PEESSUEE 

Hypertension is the quantitatively measurable effect of circulatory 
change in nephritis The hterature up to 1913 has been summarized 
by Janeway (1912—13) The conclusions concermng the relation of 
hypertension to the different t 3 qDes of renal disease reached from his 
own observation by Janeway can still be quoted unamended. They 
are as follows We have changed only the order, and prefixed to the 
conclusion concermng each condition the name given that condition 
in the terminology now used 

1 Hemorrhagic nephritis {glomerular nephritis) “H)q)ertension may 

arise m connection with the unknown mtoxication which causes disturbances 
in the central nervous system and which we call uremia Chm- 

cally this intoxication is associated with severe acute nephritis, sometimes 
at its very onset, besides the subacute and chrome inflamm atory affections 
of the kidney ” 

2 Arteriosclerotic nephritis {nephrosclerosis) “Hypertension may anse 
in primary irritabihty of the vasoconstnetmg mechamsm from unknown, 
probably extrarenal, causes, which lead eventually to artenolar sclerosis 
In this type the disease of the kidney is the sequence, not the cause, of the 
generalized vascular lesion When it progresses to a condition of extreme 
atrophy, resultmg in the true primary contracted kidney, a renal element 
may be added to the existing hypertension ” 

According to Janeway’s conception the hypertension of hemorrhagic 
nephritis is a result of the renal disease, while that of arteriosclerotic 
type precedes the renal disease In this conception Volhard and 
Fahr (1914) concur Branch and Linder (1926) in autopsies of 7 
cases of typical terminal hemorrhagic nephritic deaths, preceded by 
periods of mtrogen retention and hypertension, found in one case no 
arterial changes Their findings support Janeway’s conclusions 
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StJifM/VRT OF CHIEF SIGNIFICANCES OP DATA CHARTED 

The apparent significance of the different values we have charted 
may be summarized as follows 

Blood urea clearance Measure of intact glomeruli in hcmonhagic and 
degenerative cases, of renal circulation m artenosclcroUc cases 
Hematuria Sign of active inflammation in glomeruli 
Tfj pcrlciision Sign of arculatorj changes Wlien high and prolonged 
indicates anatomical changes in small arteries 

Plasma protein deficit 1 Signs of degenerative s>Tidromc Accompany 
Cross proteinuria >■ degenerative renal changes, with or n ithout 
Pdeiiia J glomerular damage 

Anemia One of the indications of tone damage to organism 
Edema, besides accompanying the degenerative syndrome, also occurs, 
as mentioned above, in the initial ncchs of acute hemorrhagic neplinUs, 
and in the cardiac failure tliat frequently forms part of tlie terminal failure 

UNCHARTED DATA 

Besides the data above listed, and recorded on the grtiphic cliarts, 
VC have, citlitr continuously or at stages during the ten years which 
these studies cover, made observations of most of the other signs and 
functional measurements vvhich, according to the current literature, 
have given promise of throwang light on Oie conditions of the patients 
As measures of renal function the concentration and dilution test 
vv as earned on for several y ears, and the phenolsulf oncphthalein excre- 
tion test of Rovvntrec and Gcraghty (1910) has been earned out 
parallel with the blood urea clearance throughout the course of these 
studies The concentration and dilution test is so subject to the 
influence of water retention and elimination by edematous patients, 
and to the influence of vanalions in the salt content of the ihct, that 
It IS less rcliablt than the blood urc i clearance The phthalcm ciacrc- 
tion, as stated above in Uie discussion of the blood urea clearance, 
has been found marlcdly less sensitive than the latter as an indicator 
of renal dcfiat The phthalein showed one point of special interest, 
occasionallv when an acute case, after suffering marked functional 
iovs, began to imiirovc, the phthalein would begin to nsc some time 
before the blood urci clearance We at firvl attcniptcel to include 
the phthalein values in the charts, but under the rcce'ssitv for con- 
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densation, and in view of the fact that except for the above point the 
phthalein shows less about renal function changes than does the 
clearance, we felt forced to ehminate the former 

The blood urea content, when taken without relation to the urea 
excretion, may, as shown by Van Slyke, McIntosh, MoUer, Hannon, 
and Johnston (1930), like the phthalein excretion, fail to show a defi- 
mte abnormality until the renal function, as measured by the blood 
urea clearance, has fallen to 20 per cent of normal The same was 
found true of the blood creatinine content. For companson with other 
data of the same sort in the literature some of the blood urea and 
creatimne values are given in the histones, but there was obviously 
no object in charting them. 

Plasma fats and cholesterol have been followed m a large proportion 
of our cases because of the concurrence of lipemia and hypercholes- 
terolemia with nephrosis Plasma protein contents, however, are 
determinable by more accurate methods, and plasma protein deficit 
appears to be as closely related to the nephrotic syndrome, and more 
directly related to the edema, than the lipoids, hence we have not 
reported the latter 

The ions of the plasma, K+, Na+, Cl' HCO's, and H+, show varia- 
tions of great interest, especially in the terminal stage of renal failure, 
as shown by Austin, Peters, and their collaborators (Sunderman, 
Austin, and Camack, 1928, Bulger, Peters, Eisenmann, and Lee, 1926), 
and plasma electrolytes have been studied in our patients However, 
the relationship of plasma electrolyte changes to renal failure and 
edema are less constant and defimte than are the relationships of the 
urea excreting power and plasma albumin content, respectively, to 
these nephritic results The interesting details of mineral metabohsm 
have furthermore appeared incapable of treatment within the limits of 
the present monograph 

The basal metabohsm has been determined in nearly all cases, and 
some of the results are given in the abstracts of case histones The 
basal metabohc rates were chiefly of use in gmding treatment with 
thyroid substance or thyroxin in the degenerative cases, in a mmonty 
of which such treatment appeared to give beneficial results in assisting 
the elinunation of edema 

Counts of the formed elements tn the sediment of the concentrated unne 
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\ oidecl dunng the last 12 hours of a 24 hour dry diet have been earned 
out hy the mclhod of Addis (1925) on patients admitted dunng the past 
3 years Since, hoivever, they arc lacking in the majonty of cases, 
these counts are not charted In cases where tliej arc a\ ailable some 
of the counts arc given in the case history abstracts The normal 
vanations in the 12-hour output of the formed elements, according to 
an examination of 74 students b> Addis (1926) arc casts, 0 to 4200, 
red cells, 0 to 425,000, white blood and epithelial cells, 32,000 to 
1,800,000 The normal casts are all of the hyaline vanetj, without 
any fat droplets 


FLAN OF I'lirSENTATION OF DATA 

In the following pages we shall, for each of the three main types of 
nephropathy, give an outline of the general course of the disease, 
followed by a discussion of the specific changes noted as illustrated in 
our charts, by a discussion of the anatomical changes found at autopsy, 
and finally by abstracts of the histones of the charted cases, together 
with individual autopsy reports 

The introductory outline of the course of each disease is intended 
chiefly' to identify, independently of the nomenclature used, the ti'pe 
of nephropathy concerning which specific data arc presented in the 
subsequent section, and to indicate the nature of these data sufiinenUy' 
to assist the reader in onenting himself with regard to them at the 
outset of their subsequent detailed discussion The outlines are 
therefore brief, and in them we Iia\e made no attempt to review the 
literature or to present detailed clinical dcscnptions These can be 
found in the works of Volhard and Tahr (1914) and Volhard (1918) 
The latter author is furthermore engaged in the preparation of a new 
monograph on the subject (personal communication), to winch, perhaps 
the chemical, functional, and anatomical observations in our paper 
may scr\ c as a useful supplement 



276 


D D VAN SLYKE ET AL. 


Hemorrhagic or Glomerular Nephritis 

GENERAL COURSE OE THE DISEASE 

Addis has pictured the course of the disease by a diagram which, 
with slight changes,^ is the following 


Hemorrhagic nephritis 



The more usual changes are indicated by arrows with unbroken shafts. 
The dashed arrow indicating change from chronic active to latent 
stage represents a favorable outcome of the chronic active which is so 
rare that the writers have only once observed it Addis, however, has 
seen it several times (personal communication) The reversed arrow 
leading backwards from the latent to the acute indicates an exacerba- 
tion occurring after progress towards healing has reached the latent 
stage Less frequently, an exacerbation may cause a change from the 
latent to the chronic active stage 

In the progress of the disease the different stages are, of course, 
not sharply marked off from one another It is usually impossible to 
state that within a certain week the acute stage changed definitely 

® In Addis’ original paper (1925) the first stage of the disease was called “initial” 
instead of “acute ” However, the condition produced by an c'tacerbation of a latent case 
IS frequently identical in symptoms and outcome with that of a fresh, acute case The 
exacerbated case resembles the fresh one in hematuria, edema, relatively rapid variability, 
and chance of improving to the latent condition, a chance which, according to the writers’ 
expenence, is almost nil in the chronic active stage Since it would be inaccurate to call 
an exacerbated case “imtial,” we have retained the term “acute” to cover both initial and 
exacerbated cases Otherwise we have followed Addis 

The authors have enjoyed the benefit of Addis’ personal discussion and criticism of 
part of the followmg portions of this paper, and for this advantage are greatly in his debt 
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to the latent, or passed into the chronic acUve Likemse the boun- 
dary between the chronic active and terminal stages is broad and 
hazy Tbetransitionpenods, during W’hich the disease is passing from 
a condition frankly belongmg to one stage to that belonging clearly to 
the next may cover iveeks, or even months Nevertheless the disease 
inits progress does pass throughpenods dinicall} so different that they 
have at times been defined as different entities, and the convemence 
of using conase charactenstic names to define these stages appears to 
3 ustifj a differentiating nomenclature 

Aculc hanorrhagic ncplinlts (cases 1 to 23) 

The acute stage with its sudden onset is familiar It is marked 
regularly by hematuna, proteinuna, and edema, ■while diminution of 
renal function, hj-pertension, plasma protein defiat, and some anerma 
are frequent Opimon seems to be cotmng to a general agreement that 
the cause is nearly alw ays some tjqie of streptococcus infection (\iol- 
hard and Fahr, 1914, Addis, 1925, Longcope and collaborators, 1927) 
From the se\enty or the mildness of any of these symptoms, except 
plasma albumin defiat, during the first weeks of the acute stage it is, 
according to our data, impossible to predict whether the outcome is 
Iikel) to be favorable or unfavorable 
The acute stage may have any one of four outcomes (1) The 
patient maj completely reco\ cr, without any detectible sign of the 
disease remaining (cases 1 to 5) (2) He may improve and become 

free from subjective sjmptoms of the disease, but retain some alburm- 
nuna, hematuna, or diminution in renal function, tlie disease becoming 
latent (cases 6 to 16) (3) The disease may progress into the active 

chronic form, almost always wath subsequent more or less gradual 
progress to the terminal stage (cases 1 7, 1 S, and 20) (4) Tlie disease 

ma> hasten m a few weeks dircctl> from the acute to the terminal 
stage, andin a few montlis terminate m uremia (cases 21, 22, and 23) 
ihc duraPon of the acute stage, in our cases "wluch recovered or 
improi cd to the latent state, \ ancd from 4 to IS months Noticeable 
improt ement began wathin 4 months, in all cases that w ere not destined 
o pass into the chronic or terminal stages In the cases which re- 
coicre most slow];, (nos 13 and 16) the last subjective S 3 'mplom to 
isappcar was the tendencj to edema formation The last dinical 
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sign to disappear was usually the protemuna, which itequently 
persisted for months after the patients were sub 3 ectively well, and 
after hematuria could no longer be detected by ordinary microscopic 
ocamination (cases, 3. 6, 7, 9, 13, IS and 16) Sometimes, however, 
microscopic hematuria has been noted as the most persistent sign 

Latent hemorrhagic nephritis {Cases 6 to 16, 23a, 24 and 31) 

After the acute stage has lasted for a period of 2 to 4 months, unless 
the patient is fated to pass into the chronic or terminal condition, he 
begins to improve, and makes either a complete recovery, or a partial 
one to the latent condition, in which he is subjectively well, but in 
which more or less albuminuna, or slight hematuria, or a subnormal 
blood urea clearance, indicates that renal conditions are not quite 
restored to normal Usually the blood pressure is now normal, but 
m an occasional case some hypertension may remain (case 12) In 
some cases the nephropathic signs eventually disappear, and recovery' 
is apparently complete (case 10) Other cases may remain m the 
latent state for years, and eventually, sometimes as the result of an 
exacerbation due to infection (Addis, 1928), at other times for no 
tangible reason, may resume progress towards renal failure, and tenm- 
nate in uremia In cases 23a and 24 a slow fall in blood urea clearance 
set in after latent periods of 4 and 7 years respectiieli aiidiss slresdy 
led to uremic death in case 24 

Rarely a patient reaches a latent condihon a: tie result of srresled 
progress after the disease has reached the aeSre dimmo stacs, sn5- 
cient renal function being maintained to penmt crEcarr activities 
The only such case m our senes is no Cl The esne! case wHch eatei= 

the active chronic stage passes mo-ec-f'»-~^s-^v c' ^ 

terminal " ' 


Aclue chrome hemorrhagic refers 

This corresponds m a d cess tr T 
type of glomerulonephntL, ana 
tons ncphnPs m the o^derJtz^-' 

Tor use in thispap^ trees: 
tis that has become ca.Ta.^ t-'--,- 
signs of actiie 


£‘7 c-d 2- 
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per cent of normal, (For reasons stated below, we classify chronic 
cases with lower clearances as terminal ) 

Within a period that in our cases does not exceed 4 months from the 
acute hemorrhagic onset, unless improvement begins the disease enters 
either the terminal stage, or more frequently what Addis (1925) calls 
the active chrome stage The subject remains ill, malnourished, and 
unless under stnet re^me, usually edematous Hematuna continues, 
but sometimes at so dimimshed an intensity that the red cells are 
detectible only microscopically by Addis’ (1925, 1928) special method 
of examining by quantitative count the sediment of urine passed during 
the last 12 hours of a 24 hour dry diet. From whatever level it has 
emerged from the acute stage of the disease, the renal function, as 
measured by the blood urea clearance, maintains a progress which, 
observed over periods of months, usually tends steadily downwards 
At best it may remain stationary for some months In this stage 
improvement to the latent condition may occur, but such improvement 
IS rare Addis (personal communication) states that he has seen a 
few cases In our series there is but one, no 3 1 . 

The active chrome stage is usually accompanied by all the signs, 
described later, of degenerative renal disease, marked proteinuria, low 
plasma albumin and total protein content, high plasma fat and choles- 
terol contents, tendency to edema formation, and by the occurrence 
(Addis, 1925), from degenerated tubules, of epithelial cells and casts in 
the unne The relationship between edema and plasma albumin 
deficit is that quoted above in the discussion of the significance of 
plasma protein content, and is the same as in nephrosis 

The differential diagnosis between this stage of hemorrhagic nephri- 
tis and the pure non-hemorrhagic degenerative Bright’s disease 
(nephrosis) is not always easy The active chrome stage of hemorrha- 
gic nephntis, because of its preponderating degenerative element 
usually has every sign and metabolic abnormahty of nephrosis Both 
conditions, as Addis points out (1928) represent degenerative renal 
disease, the difference being that the hemorrhagic type has an addi- 
tional pathological factor This factor has been shown by Volhard 
and Fahr to be glomerular inflammation The symptoms that have 
been used to distinguish the hemorrhagic (or glomerular) disease from 
pure nephrosis have been the presence of hypertension and mtrogen 
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retention (V^olhard and Fahr) and of hematuna (Addis) Hyperten- 
sion, however, is absent in some cases of chrome hemorrhagic nephntis 
Nitrogen retention m the chrome active hemorrhagic disease may be 
only relative and capable of detection when blood and nnne urea 
contents are compared by means of the blood urea clearance determina- 
tion Also, nitrogen retention sometimes occurs in the later stages 
of pure degenerative renal disease, as will be shown later Microscopic 
hematuna, usually constant in the hemorrhagic disease, sometimes 
intermittent, appears to be the most consistent single differential sign 
After hematuna, hypertension appears to be the most valuable diag- 
nostic sign If present it may generally be accepted as ruhng out 
nephrosis The history often helps History of an acute onset with 
hematuna is sufficient to indicate that the observed condition is a 


phase of the hemorrhagic or glomerular disease 
The ]UstificatiQn for separating degenerative casesintohemorrhagic 
and non-hemorrhagic lies in the different prognoses The hemorrhagic 
degenerative disease, once become chronic, almost regularly runs into 
the terminal stage desenbed below, and urenua The pure non- 
hemorrhagic degenerative disease may likewise lead to uremia, but it 
IS more likely to continue without renal failure, and to terminate 
cither by recov ery or (more frequently in our expenence) by death from 
intercurrent infection, either streptococcus or pneumococcus 
Chronologically the active chronic stage of hemorrhagic nephntis 
IS intermediate between the acute and terminal stages, and usually 


covers a period of from 6 months to 2 years Death usually occurs in 
less than 3 years after the active chronic stage is reached We have 
had, however, 2 cases (nos 21 and 31) out of 20 survive for 5 years 
Some rapidly progressing cases pass so quickly from acute to 
terminal that there is no intermediate stage (e g , cases 19 and 21 of 
out senes) 


Terminal hemorrhagic nephnhs {Cases 19 to 24 and 21 to 50) 

With the progress of the disease the picture eventually changes from 
lat outlined above for the active chronic stage, and assumes that of 
1 C terminal Renal function, measured by the blood urea clearance, 
ecomes stabilized at a lower level, and no longer shows occasional 
upward fluctuations Henceforth it moves but little except for its 
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gradual or rapid decline The signs of degenerative disease, viz , 
non-cardiac edema, albuminuria, epithelial casts and cells in urinary 
sediment, low plasma albumin content, may continue undimimshed 
to the uremic end, but they usually diimmsh and often disappear 
TJie picture of the w emic syndrome tends to replace that of ‘‘wet nephritis ” 
Since the general change appears to come when the blood urea clearance 
has settled steadily below 20 per cent of 1101 mal, we have used that point 
as an arbitrary boundaiy between the active chronic and teiminal stages 
With the rise of plasma albumin which frequently occurs during 
progress into the terrmnal stage, the tendency to edema diminishes, 
when the albumin content exceeds 2 5 per cent the tendency to edema 
may nearly or quite disappear At such a time the patient, because 
nd of the annoyance of the edema, is likely to feel subjectively im- 
proved The renal function, even though it has fallen to 20 per cent 
of normal, may still be adequate to maintain freedom from toxic 
retention symptoms In fact the urea and creatinine contents of the 
blood may remain for some time but little above the upper normal 
limits (Van Slyke, McIntosh, MoUer, Hannon, and Johnston, 1930) 
This period constitutes the pre-uremic interval of the terminal stage 
It may last as long as 2 years (cases 27 and 29) 

When the renal function does change, however, it falls, often rapidly 
Gross retention of urea, creatimne, and phosphoric acid ensues and 
uremia sets in, unless the latter is preceded by cardiac failure 
The duration of the disease, from the time when the blood urea 
clearance sank permanently below 20 per cent of normal, in the 
majority of our cases in which we could measure the interval, has been 
less than 1 year (nos 20, 21, 22, 23, 24, 31, 32, 35, 36 and 37) In a 
minority it has been between one and two years (nos 27, 29, 34, 44 
and 46), and in only two has it exceeded two years (nos 19 and 38). 

EXPLANATION OE CHARTS 

For the hemoglobin values two scales are given The scale to the 
left gives cubic centimeters of oxygen bound by the hemoglobin in 100 
cc. of blood, the “volumes per cent O 2 ” scale The scale to the nght 
gives per cent of Haldane’s mean normal hemoglobin value, which is 
equivalent to an oxygen capacity of 18 5 volumes per cent O 2 
For the standard blood urea clearance, C„ two scales are also given 




CnAHTS 7-12 
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The scale to the left shows cubic 'centimeter of blood cleared of urea 
per mmute by the kidneys The scale to the right shows the clearance 
values in per cent of the normal mean, which is 54 cc per minute (Hol- 
ler, McIntosh, and Van Slyke, 1928) 

The plasma protein scales are obvious 

The blood pressures are given in 2 curves, the upper representing 
systolic, and the lower diastolic pressure, in milhmeters of mercury 

For each of the above 4 values the mean normal is represented by 
a heavy base line The shaded space between this line and the broken 
line indicating observed values shows the deviation of the latter from 
the average normal When the shaded area extends downwards from 
the base hne the observed value is below the normal average, and 
vice versa 

The vertical spaces which are left unshaded indicate periods during 
which no observations were made, usually because the patient was out 
of the hospital 

At the bottom of each chart are spaces indicating in a serm-quantita- 
tive way the amounts of edema, albuminuna, and hematuna The 
black areas have the following significances 


HEIGHT OF 
BLACK AREA XK 
FIFTHS OP 
TOTAL SPACE 

edeha 

PROTEOnmiA 

TEe24H0'0ES 

HEMATUBIA 

1 

1 

Trace 

grains 

Under 1 

Slight microscopic 

2 

Moderate pitting 

1 to 4 

Marked microscopic 

3 

Marked pitting edema 

Up to 10 

Slight macroscopic 

4 

General edema with ascites 

Over 10 

Marked macroscopic 


In each case for which autopsy data are presented with the case his- 
tory, “Aut” is marked near the right hand margin of the chart 

At the bottom of each chart the number at the left nearest “months” 
indicates the number of months the disease was noted before the 
patient entered the hospital The other numbers in the bottom row 
indicate months after first admission 
Charts of cases 1 to 50 inclusive 
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CLINICAL OBSERVATIONS IN CASES OF HEMORRHAGIC NEPHRITIS (CASES 

1 TO 50) 

Urea excreting power in hemorrJtagtc nephritis 

Of the 23 cases observed in the acute period all except nos 3, 6, 18 
and 20 showed dunng the first two months after onset a fall of the 
blood urea clearance to 50 per cent or less of normal Remembenng 
that the cases are ranked m order according to the gravity of their 
outcome, we can not conclude that maintenance of normal renal func- 
tion dunng the first months of the acute stage justifies either a good 
or bad prognosis Cases 3, 6, 18 and 20 maintained normal function 
dunng the acute stage Of these, case 3 made an apparently complete 
recovery, 6 improved to the latent stage, with prospects for recovery, 
ivhile 18 and 20 steadily progressed into the chrome condition, with 
increasing loss of function, case 20 has already died in urenua and 
there is no ground to hope better for 18 
Nor does it appear that we can attach prognostic significance to the 
degree of functional impairment shown dunng the first two months 
In case 4 within two weeks of onset the clearance fell to 10 per cent of 
normal, yet an apparently complete recovery was made In case 9 
tlie clearance tno and one-half months after onset fell to 4 per cent, 
with uremic symptoms, and was followed by recovery to at least as 
far as the latent condition 

The essential for a good prognosis is that within 4 months after the 
acute onset the clearance, if it has fallen, shall have begun a consistent 
c im back touiards a normal level In all of our cases that have re- 
co\ ered or improved to the latent condition the clearance has either 
remained normal or has begun to nse ivithin this time 

e funcponal recovery is not always complete In cases 9 and 11 
recoieiy «as subjectively so complete that the patients left the hospi- 
a a t ough their clearances had reached only 50 to 60 per cent of 
^erage normal Considering that an occasional healthy person 
^ '^^aarances as low as 70 per cent of the average, however, SO 
hai 'adicates a satisfactory function if maintained We 

tion'^)*'”^ opportumty to observe a latent case with such func- 
ong enough to ascertain whether the partial functional deficit 
permanent, but Addis (personal communication) has seen cases in 
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The scale to the left shows cubic centimeter of blood 
per minute by the kidneys. The scale to the right shov 
values in per cent of the normal mean, which is 54 cc pi 
ler, McIntosh, and Van Slyke, 1928) 

The plasma protein scales are obvious 
The blood pressures are given in 2 curves, the upp 
systolic, and the lower diastolic pressure, m rmllimeteri 
For each of the above 4 values the mean normal is 
a heavy base line The shaded space between this line 
line indicating observed values shows the deviation of 
the average normal When the shaded area extends d( 
the base line the observed value is below the norma 
vice versa 

The vertical spaces which are left unshaded indicate 
which no observations were made, usually because the ] 
of the hospital 

At the bottom of each chart are spaces indicating in a 
tive way the amounts of edema, albuminuria, and he 
black areas have the following significances. 


HEIGHT OF 
StACK AHEA IN 
FIFTHS OF 
TOTAL SPACE 

EDEMA 

PEOXEINCHIA 
PER 24 HOURS 


1 

Trace 

Under 1 

Shgl 

2 

Moderate pitting 

lto4 

Mar 

3 

Marked pitting edema 

Up to 10 

Sligl 

4 

General edema with ascites 

Over 10 

Mai 


In each case for which autopsy data are presented wi' 
tory, “Aut” is marked near the nght hand margin of the 
At the bottom of each chart the number at the left nea 
indicates the number of months the disease was no 
patient entered the hospital The other numbers in t 
indicate months after first admission 
Charts of cases 1 to SO inclusive. 
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CLINICAL OBSERVATIONS IN CASES OF HEMORRHAGIC NEPHRITIS (cASES 

1 TO SO) 


Urea excreting power tn hemorrhagic nephritis 

0£ the 23 cases observed in the acute period all except nos 3, 6, 18 
and 20 showed dunng the first two months after onset a/aW of the 
blood urea clearance to SO per cent or less of normal Remembenng 
that the cases are ranked in order according to the gravity of their 
outcome, we can not conclude that maintenance of normal renal func- 
tion dunng the first months of the acute stage 3 ustifies either a good 
or bad prognosis Cases 3, 6, 18 and 20 maintained normal function 
dunng the acute stage Of these, case 3 made an apparently complete 
recovery, 6 improved to the latent stage, with prospects for recovery, 
while 18 and 20 steadily progressed into the chrome condition, with 
increasing loss of function, case 20 has already died in ureima and 
there is no ground to hope better for 18 
Nor does it appear that we can attach prognostic sigmficance to the 
degree of functional impairment shown dunng the first two months 
In case 4 within two weeks of onset the clearance fell to 10 per cent of 
normal, yet an apparently complete recovery was made In case 9 
the clearance two and one-half months after onset fell to 4- per cent, 
with uremic symptoms, and was followed by recovery to at least as 
far as the latent condition 


The essential for a good prognosis is that within 4 months after the 
ocule onset the clearance, if it has fallen, shall have begun a consistent 
climb back towards a normal lead In all of our cases that have re- 


covered or improved to the latent condition the clearance has either 
remained normal or has begun to nse within this time 

he functional recovery is not always complete In cases 9 and 1 1 
recove^ nas subjectively so complete that the patients left the hospi- 
aver clearances had reached only SO to 60 per cent of 

marslnJ''’i™^ Considenng that an occasional healthy person 
to 60 ner ^0 P®*" of the average, however, SO 

have not a satisfactory function if maintained We 

bon lone ®bch func- 

"osper^amS but°ATrf 

cni. out Addis (personal communication) has seen cases m 
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wliich it was so, tte patients remaining stabilized, subjectively well, 
with only part of normal function In such cases it appears probable 
that some of the glomerular damage of the acute stage has become 
permanent, but that a large proportion of the glomeruli have recovered, 
and that they may remain intact for considerable, perhaps indefimte, 
penods. 

In all cases in winch marked fall of blood urea clearance occurred 
during the initial months, and no definite tendency to rise followed within 
four months after onset, progress downwards to the active chronic or 
terminal stage followed (cases 18 to 23) In one case (17) such progress 
occurred even after a temporary return of the clearance to the normal 
range In this case there was continuous active infection, necessitat- 
ing two operations, one for mastoiditis and one for the removal of 
adenoids 

In the chronic active period of hemorrhagic nephritis the blood urea 
clearances in our cases (nos 17 to 37) tell a single melancholy tale 
The function changes are ultimately all for the worse. There may be 
periods of several months or even more than a year when progress is 
arrested In case 31 alone was the stay sufficiently prolonged and 
definite to constitute an obviously latent period in the disease. This 
case, a boy of 6, some months after tonsillectomy was subjectively 
and clinically so improved that he was discharged, although his urea 
clearance was only 25 per cent of normal. During the next four years 
he lived a fairly normal hfe, and his clearance rose to 40 per cent nor- 
mal Then, however it fell in some months to 10 per cent and uremia 
followed shortly In all our other cases the disease has shown much 
shorter hesitations in its march towards terminal ureroia 

In the terminal stage, with renal function less than 20 per cent nor- 
mal there is only one outcome this is uremia, unless exitus is hastened 
by cardiac failure or other intercurrent cause The time in which the 
end IS reached, however, vanes greatly Thus cases 22 and 23 plunged 
directly from acute nephritis into the terminal stage and reached 
uremia in 5 and 3 months after the acute onset On the other hand 
case 29 hved for two years m the terminal stage and when last seen was 
still capable of cariying on his work as a waiter, although dunng the 
two year period his clearance gradually shrank from 20 per cent of 
normal to 10 He exemplifies the fact that one can maintain bodily 



COURSE OF bright’s DISEASE 


287 







ttwMCTfMifU. MeU'-* Acl>* c>»<rda 

c 

1 

c 

f' 

9| 

IW! 

1 


linn 

II 

11 

H 

Ill 

i 

n 

1 

SiKSS! 

» 

fi 

& 

III 

1 

II 

1 

linn 

II 

! 

X 


s 

!Si 

1 

ss 

a 

sssin 

II 

II 

p 

III 

i 

II 

■ 

linn 

II 

11 

A 

!H2 


IS 

1 

111251 

5S 

M 


i 


ill 


X 


iKiin 


II 



W. 


m. 

« 

H 

|USi!S{ 

T 

1 

1 

fc 

At 

i 


li 

1 

US 

1 

1 

11 

11 

Ln; 

nil 


IS 

■iU 

iSi 

!!! 

■j 

II 

■ 

II 

nil 

|l 

n 

H| 



mm 







i 

BS 

E» 

S 

is 

gggSgjg 

gSwi 

u 

B 

88 


Btort 

fl t)04r 

wj 

■iiS 

■■ 

i 

ii 

ini 

III! 

M 

!S!!! 

■1 

MV 

I 

*5 

i! 

ipi 

wn 

SillMl 




MM 

■B8i 

■MM 

IS3M* 

VII 

HI 

n 

lU] 

llll 


taiMi 


B* 



5j22jgi 

isn 

wn 

91 

mi 

■111 

CSSDI 

n:iiniai:iTi!iiii 


Cn\RTS 13-17 










288 


D D VAN SLVKE ET AL. 


achidty with 10 per cent of normal urea excrehng power, so long as other 
complications, in particular the degenerative syndrome, are not 
present in addition to the glomerular loss 

When, however, the blood urea clearance falls to 5 per cent of normal 
uremia appears to be inevitable 

Hematuria in hemorrhagic nephritis 

Every case admitted during the first weeks of the acute stage showed 
hematuria, in most cases macroscopic. (Case 16 admitted 7 months 
after onset with only an occasional trace of microscopic hematuna had 
also a history of bloody urine at onset ) T he degree of initial hematuria 
appeared to have no relation to the prognosis Of the first four cases, 
which showed apparently complete recovery under observation, 3 
had gross macroscopic hematuria Nor does the period of persistence 
of hematuna appear to have any close relationship to the outcome 
In the first three cases, those who most quickly recovered, it is true 
that hematuria disappeared m two to four months A similar dis- 
appearance, however, occurred in cases 18 and 20, which went down 
into the active chronic and eventually the terminal stage These 
latter cases showed recurrences of slight microscopic hematuria, and 
probably by the Addis sediment coimt would have shown a persistent 
quantitatively abnormal output of red cells Nevertheless the hema- 
turia assuredly subsided qmckly to a slight one while the disease 
continued its progress at a fairly rapid rate towards a fatal conclusion 

Of the cases observed to improve to the latent condition (nos. 6 to 16) 
hematuria was observed to disappear during the periods of observation 
(4 to 34 months from acute onset) only in 5 of the 11 In all of the 
others it fell to microscopic proportions except in no 11, who was 
observed for only four months, and in this case hematuria was de- 
creasing 

Because of the fact that during improvement to the latent condition 
hematuna and hypertension frequently disappear before albuminuna, 
plasma protein deficit, and the tendency to edema show much improve- 
ment, one can easily make the error of diagnosing such a case as 
nephrosis, unless the history of imtial hematuna is known Cases 13 
and 16 were for several months distinguishable from pure nephrosis 
only by the fact that they had histones of imtial hematuria 
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In the aclvoe chronic stage of hemorrhagic nephritis again the degree 
of hemaka la appears to hear no relation to the severity or rate of progress 
of the disease Case 17 showed the heaviest hematuria of any in this 
stage, but the progress of his disease, as shown by his clinical condition 
and blood urea clearance, was not unusually rapid Case 20 after the 
twentieth month of observation began to suffer a rapid decrease m 
clearance leading five months later to death in uremia Yet during 
this period of rapid downward progress there was no hematuna 
detectible by ordinary microscopic examination Case 20 was in fact 
for some time after admission considered to be probably a nephrosis 
The occasional occurrence of microscopic hematuria, the development 
of a marked fall m urea clearance, and then of an increase in blood 
pressure, however, eventually led us to conclude that it was probably 
a case of hemorrhagic nephntis in which for the time the degenerative 
element dominated the picture, a conclusion which was confirmed by 
autopsy 

In the terminal stage microscopic hematuria was present in all cases, 
and determinable by ordinary examination It was sometimes 
marked but usually slight, and bore no relation to the rate of progress 
of the clinical symptoms or the functional fall indicated by the blood 
urea clearance 

In our cases therefore hematuria was constant and usually gross in 
the acute stage, and constant but rmcroscopic in the terimnal During 
the intermediate chronic active stage, and during improvement from 
the acute stage, hematuna may disappear, or at least become so slight 
that ordinary microscopic examination, without Addis’ (1925) special 
precautions, fails to reveal it Cases in which hematuria thus disap- 
pears may be for a time indistinguishable from non-hemorrhagic degenera- 
tive Bright' s disease {nephrosis) in every respect except their histones of 
acute hemorrhagic onset 

Blood pi assure in hemorrhagic nephritis 

Acute and latent stages Of the 16 acute cases which recovered or 
improved to the latent condition (nos 1 to 16) all except three, nos 
6, 10 and 11 showed at onset some hypertension (no 5 showed only 
130 mm systolic but this is excessive for a three year old child). It is 
quite possible that nos 6, and 10 may have had imtial hypertension 
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which disappeared by the tune of admission, since the latter occurred 
SIX and four weeks after onset, respectively No 11, however, was 
admitted a week after onset with normal pressure Of the 15 acute 
cases with favorable outcome on which we have early data, 13 there- 
fore showed some elevation of blood pressure Usually systolic and 
diastohc were elevated by similar heights The systohc level reached 
was generally between 150 and 1 70 mm , but in no 9 it approached 200 
The dw atio7i of the hyperte^ision in these favorable cases was usually 
four to six weeks from the acute onset In two cases, nos 1 and 12, 
however, the pressure did not return permanently to normal, normal 
blood urea clearance being nevertheless thus far maintained (Note 
Patient No 1 has since been exatmned, 2 years after the last observa- 
tion noted on his chart, and his blood pressure has been found en- 
tirely normal, 118 systolic and 80 diastohc ) 

Of the four cases, nos 17 to 21, which passed during observation 
from acute into active chronic, three showed during the acute stage 
normal blood pressures, which in no 18 persisted through the active 
chrome stage for at least a year, during which the renal function 
showed a steadily downward progress 
One can not ascribe any prognostic value to the initial blood pres- 
sure level observed during the first weeks of acute hemorrhagic nephri- 
tis A case which shows little or no initial hypertension appears 
hkely to pass into the chrome state as well as the one that does show 
h 3 rpertension in the acute stage, hkewise recovery may occur in either 
case 

Two cases (nos 12 and 15) showed for periods of 2 or 3 months defi- 
nite hypotension, 90 to 100 mm systohc and 40 to 60 diastohc No. 
12, a 7 year old girl, later developed a hypertension (systohc up to 200 
mm ), thus far with normal urea excreting power maintained 
In the achve chrome stage (cases 17, 18, 20 and 25 to 31), of ten 
cases, three showed no hypertension, while the other seven showed 
slight blood pressure increases, mostly in the neighborhood of 150 nun 
systohc 

Of the 21 cases (19 to 50 inclusive, except 25) observed in the tertm- 
nal state of hcmorthagic nephntts 13 showed blood pressures defimtely 
above 150 mm systolic, while eight did not (nos 22, 23, 27, 28, 33, 35, 
43 and 46) Most of these did show slight hypertensions, in the 
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neighborhood of 150 systohc, hut cases 33 , 43 and 46 reached uremic 
deaths without blood pressures that could be called definitely abnormal 
at all 

Of the cases (nos 38, 41 and 47) that showed systolic blood pressures 
over 200 mm. and came to autopsy, all showed marked arteriolar 
sclerosis in the kidneys. 

Branch and Linder (1926) reported autopsies on 7 cases dying in 
uremia, with blood pressures regularly over 160/110 except during 
final collapse In six of the seven artenolar sclerosis was present 

According to the results of Branch and Linder (1926) and our own, 
permanent marked hypertension developing during chrome hemor- 
rhagic nephritis usually indicates the addition of an arteriosclerotic 
element to the pathology of the disease So far as can be judged by 
comparison of clearance changes in hemorrhagic cases with and without 
marked hypertension, however, the rate of renal destruction does not 
seem to progress significantly faster in the former than in the latter. 
Hypertension does indeed add its symptoms to the climeal picture, 
but uremia does not appear to come on much, if any, more rapidly 
than in cases without hypertension. Thus case 46, without hyper- 
tension or any other sign of circulatory disturbance, reached a fatal 
uremia in a year after his clearance was found between 10 and 20 per 
cent of normal, while case 38, with maiked hypertension and renal 
arteriosclerosis (found at autopsy), hved for two years after her 
clearance was foimd at the same level. 

From the above data the following conclusions appear denvable. 

Hypertension occurs in most, but not aU, cases with active hemor- 
rhagic (glomerular) nephritis, acute or chronic 

In theinactive, latent cases hypertension is usually, but not alway’^s, 
absent 

In the terminal stage a marked rise of blood pressure occurs in many 
cases (e g , nos 24, 30, 31, 32, 36, 37, 40, 48 and 49) a few months 
before uremic death. Terminal cases which do not show such a change 
in blood pressure likewise have a bad immediate prognosis, however. 

A marked /cJ? in blood pressure is not uncommon in the last weeks 
or days of terminal nephritis in cases that have previously had hyper- 
tension (cases 24, 35, 39, 42 and 50) Such a fall is presumably a 
sign of heart failure. 
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Hemorrhage nephntis can in exceptional cases run its entire course 
from acute onset to final uremia without definite hypertension Our 
data on this point confirm those of B amuck (1927) 

At no stage in nephritis primarily of the hemorrhagic type does 
blood pressure have defimte prognostic significance concermng the fate 
of renal function or the rapidity of approach of urerma 

The definite sigmficance that does attach to hypertension is that it 
marks the type of case in which death may occur from circulatory 
failure before renal failure has reached a lethal degree, or in which 
death may occur from a combination of cardiac and renal failure, as 
in cases 41 and 47 

Plasma protein content in hemorrhagic nephntis 

In some acute cases the plasma proteins are practically unaffected. 
Such a condition appears to augur a good prognosis Of our 23 acute 
cases the four which showed no fall in plasma proteins, nos 1, 5, 8 and 
11, all either recovered or improved to the latent stage. 

Of the 23 acute cases, 16 maintained plasma albumin contents 
above 2 2 per cent Fourteen of these 16 (nos 1 to 14) either recovered 
or improved to the latent condition Only nos 19 and 21 failed to 
do so 

In seven cases the plasma alburmn fell definitely below 2 2 per cent 
Of these cases, 5, all except nos 15 and 16, progressed into the active 
chrome stage, and nos 15 and 16 appeared the least proimsing of those 
that improved to the latent stage 

If we draw the line for total proteins at 5 5 per cent the division is 
nearly the same, but not quite so sharp 

Unhke the urea excreting power and degree of hematuna, therefore, 
plasma protein content appears to be of decided prognostic significance 
dunng the acute stage of hemorrhagic nephritis Acute hemorrhagic 
cases that maintain plasma albumin above 2 2 per cent, or total protein 
above 5 5, have a better prognosis than those that do not Of our cases in 
the group with over 2 2 per cent albunun only 13 per cent developed 
into progressing chrome or terminal nephritis, while of our cases in 
the group with less albumin 72 per cent so developed. 

Cases 6 to 16 were observed during improvement from the acute to the 
latent stage It appears that dunng the latent condition there is no 
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tendency for plasma albumin deficit to develop, and that if plasma 
protein deficit has been retained from the acute stage slow rise of pro- 
tien content to normal occurs Such a rise is observed in cases 10, 13 
and 16 From the time of acute onset until the plasma protein con- 
tents could be considered within the normal range, reqmred 9, 17 and 
20 months respectively in these three patients 
It appears probable that most cases in the achve chrome stage develop 
from those which already have plasma albumin deficit during the 
preceding acute stage, and that the deficit developed in the acute 
stage IS maintained in the active chrome Examples are seen in cases 
17, 18 and 20, which we were able to observe dunng passage from acute 
to active chronic 

All of the 16 active chrome cases in which plasma proteins were 
determined (nos 1 7, 18, 20, 25 to 30 and 32 to 37) show plasma albumin 
deficits In two cases (nos 32 and 37) the alburmn content fell only 
to about 3 per cent, but in the other 14 it was below the 2 5 per cent 
which appears to be the critical level for the appearance of the ten- 
dency to edema formation The deficit in total protein, as m the 
acute stage, roughly parallels in most cases that in albumin, indicating 
that the globulin content is relatively unaffected In case 25, how- 
ever, the globuhn content is also imusually low, causing a greater deficit 
in total protein than in albumin, while in case 20 the reverse occurs, 
the globuhn being increased to nearly 4 per cent 
In case 31, which was admitted dunng the chronic active stage, 
there were unfortunately no plasma protein determinations done until 
two years later, when the case had become latent This case was 
admitted during the earher years of the work, before plasma protein 
determinations were routinely performed From the massive edema 
and heavy proteinuna observed at admission, it appears probable that 
the usual plasma alburmn defiat existed 

It appears evident that a low plasma albwmn co7itent, usually below 
the 2 5 per cent level at winch albuimn deficit begins to produce edema, is 
the rule in the active ch onic stage of hemorrhagic nephritis 
As the active chrome stage passes into the terminal hemorrhagic 
there is a marked tendency for the plasma proteins to rise towards 
normal (cases 26, 27, 28, 29, 30, 32, 33, 35, 36 and 37) In about half 
the terminal cases m our series (see nos 19 to 49) the plasma proteins, 
both total and albumin, reached normal limits before death occurred 
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Proleinuna tn hemonhagic nephnUs 

In acute hemoi rliagic neph ths the degree of tmUal protemw la appears 
to have no prognostic significance Of the 23 acute cases, the 3 which 
showed minimal proteinuria (nos 1, 7 and 8) all improved, but hke- 
wise did the 3 (nos 11, 13 and 15) who showed maximal proteinuria of 
more than 10 grams per 24 hours Of the cases with intermediate 
degrees of protein output some recovered and some progressed 

The duration of the proteinuna in the cases which completely- 
recovered (nos 1 to 5) was from 2 weeks to 5 months 

In all the acute cases which improved to the latent stage (nos 6 to 16) 
proteinuna persisted, but showed a marked diminution from the 
initial output 

In the 3 cases that passed while under observation from the acute 
into the active chronic stage (nos 17, 18 and 20) there was no marked 
change m the proteinuna In general the protein excretion m the 
active chronic stage is from 2 to 15 grams per day Occasionally a 
single case -will fluctuate over nearly this entire range within a month 
(data not shown on charts), but the protein content of the urine never 
decreases to the trace that is seen m artenosclerotic and a few terminal 
hemorrhagic cases 

Terminal stage In the 3 cases that we have seen pass directly 
from the acute into the terminal stage (nos 19, 21 and 22) there has 
been no significant change in the protein output 

Likewise in the majonty of cases passing from the chronic active 
into the terminal stage the protein excretion continues about the 
same (nos 17, 20, 24, 25, 27, 31, 32, 33, 35, 36 and 37) However, 
in a considerable minority there is a decrease in protein output (nos 
26, 28, 29, 30, 39 and 44) In about one case out of five (nos 23, 39, 
41 and 42) the urinary protein sinks to a trace during the final period 

Edema in hemorrhagic nephritis 

Acute stage In the introductory discussion of the significance of 
plasma protein concentration and edema the relationship of the two 
has already been presented, together with the fact that an exception 
to this relationship occurs in the initial period of acute hemorrhagic 
nephritis, where temporal y edema occurs even in cases that do not show 
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Case 25 presents an interesting example of a patient under continuous 
and practically uniform treatment, with plasma albumin somewhat 
below the critical level, who was obviously on the verge of edema, 
which came and went repeatedly in the course of several months. 
When adnutted he had edema of the face, and pitting edema of the 
legs and sacrum, no ascites This edema disappeared qmcMy under 
treatment Three months after admission 3 grams of salt were added 
to the hitherto salt-free diet, and edema of the same sort recurred 
The salt was removed, and the edema disappeared Three months 
later a tonsillectomy was performed Dunng the month following 
the operation edema gradually developed, and then quickly went 
away Two months later it was present again, this time without any 
obvious reason 

In tonnnal hemorrhagtc nephnhs, as shown above, plasma albumin 
deficit is much less common than in the active chronic stage of the 
disease, and edema is correspondingly less frequent Of our thirty 
cases observed during the terminal stage (nos 19 to 24 and 27 to 50) 
only 10 showed marked edema Of these but 3 (nos 22, 35 and 46) 
were attributable to plasma protein deficit Four were associated with 
cardiac failure (nos, 19, 36, 38 and 41), and it was probably an element 
in 20 and 42 The remaining case. No 33, was complicated by strepto- 
coccus septicemia at death his plasma proteins were at this time 
normal It appears that ^n the terminal stage edema, when it occurs, 
may be due either to cardiac failure or to plasma protein deficit In our 
series the number apparently due to cat diac failure was greater 

Anemia in hemorrhagic nephritis 

In the acute stage there is a considerable degree of correlation be- 
tween the anemia and the degree of fall in renal function indicated by 
the blood urea clearance The most marked anemias were shown 
by cases 4, 10, 11, 12, 14 and 19, in which the hemoglobin fell to 45 to 75 
per cent of Haldane’s normal average and the urea clearance fell to 
5 to 25 per cent of average normal However, blood urea clearance in 
case 9 fell to 4per cent of normal and uremic symptoms became severe, 
without fall of hemoglobin below 80 per cent, and in case 8 the clear- 
ance fell to 30 to 40 per cent with maintenance of a perfectly normal 
hemoglobin content A good hemoglobin value in acute nephritis 
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does not therefore by any means indicate a well maintained renal 
function In prognosis the temporary anemia of the acute stage is of no 
more significance than the temporary fall m blood urea clearance, which 
has already been discussed And the absence of anemia is likewise 
no guarantee of a mild course or favorable outcome 
In the acute cases which showed anemia but later improved or 
recovered, the minimum hemoglobin content occurred two to four 
months after the acute onset 

In the latent stage (cases 6 to 16 and 24) anemia is absent or slight 
In the active chronic stage (see cases 16 to 37), as in the acute, anemia 
IS accompanied by a decreased blood urea clearance, the value of the 
clearance, e\-pressed in per cent of normal, being usually a half to a 
third of the hemoglobin expressed in the same w ay Again, as in the 
acute stage, the reverse does not hold, there may be low blood urea 
clearance with little or no anemia In almost every active chronic 
case periods are seen i\hen the clearance was below 40 per cent normal 
while the hemoglobin was above 80 per cent 
With prolonged duration of low renal function the hemoglobin often 
shows a later and much slower fall than the clearance Case 32 illus- 
trates such an occurrence The disease had apparently been latent 
or slowly progressing, and at the first examination the clearance was 
70 per cent of normal, almost witlun the normal minimum, and hemo- 
globin w as 105 per cent Dunng 18 months the clearance fell steadily 
to 28 per cent of normal, while the hemoglobin remained at 105 to 110 
per cent However, dunng the terminal six months following, when 
t e clearance fell to almost zero and uremia developed, the hemoglobin 
fell progressive^ to SO per cent 

In the terminal stage of hemorrhagic ncphntis anemia is practically 
‘ J s present W'hen uremia is reached the oxj gen capacity in our 
ermina! cases had usually fallen to between 6 and 12 volumes per cent 
to 64 per cent of Haldane’s normal average) In case 43 the 
oxygen capicitv fell rapidly dunng the final weeks and was down to 
VO umts per cent at death On tlic other hand, case 49, after being 
or siv months either on the v'crge of uremia or in it, died with but a 
c a ivclj slight anemia of 14 S volumes per cent oxvgen capaatv, 78 
per cent of Haldane’s normal average 
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In summary, one can say that in chronic nephritis the oxygen ca- 
pacity of the blood seldom falls below 15 volumes per cent without the 
concurrence of a marked deficit in urea excreting abihty, and of a 
condition beanng a grave prognosis However, the relationship 
between the degree of anemia and the loss of renal function or the 
probable duration of life is most irregular, occasional cases making, as 
shown by the progressive fall of blood urea clearance and the chmcal 
signs, an obviously inevitable approach to uremic death with but 
slight fall in blood hemoglobin content While the presence of anemia 
signifies a grave prognosis, the maintenance of nearly noimal hemoglobin 
does not gainsay the immediate onset of uremia 

ANATOMICAL CHANGES OBSERVED IN TERMINAL HEMORRHAGIC 

NEPHRITIS^ 

Of the 50 cases of hemorrhagic nephritis which we report 25 died 
and autopsies were permitted on 11 (nos 20, 22, 23, 34, 37, 38, 39, 41, 
42, 45 and 47) Two passed into the terminal stage directly from the 
acute, while the other 9 first passed through more or less prolonged 
periods in the intermediate active chrome stage before they reached 
the terminal 

In every case practically all of the glomeruli were destroyed This 
finding, taken with the fact that the blood urea clearance was reduced 
to the neighborhood of 5 per cent of normal or lower in these tenmnal 
cases, indicates the probability that in hemorrhagic nephritis the fall in 
blood urea clearance is proportional to the glomerular destruction 

Five of these cases, nos 38, 39, 41, 45 and 47, were climeaUy classi- 
fied, because of marked hypet tension and cat diac enlaj gement, as arterio- 
sclerotic in addition to the primary hemorrhagic disease All of these 
cases showed, in addition to the glomerular destruction, maiked arteriolar 
changes at autopsy 

The two cases, nos 22 and 23, which went from the acute stage directly 
into the terminal, in contrast to the other nine, did not show contracted 
kidneys, although glomerular destruction was practically complete 
The kidneys were of the large white type, and corresponded histologi- 
cally with the descnptions by which Volhard and Fahr (1913) and 


’ Detailed reports of the autopsy examinations are given below with the case histones 
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Opbills (1916) distinguished what they term the subacute or sub- 
chronic form of glomerulonephntis * 

Diffuse hemorrhagic glomerulonephritis is generally classified by 
pathologists into three stages Volhard and Fahr (1914) and Ophiils 
(1916) distinguish an acute, a subchronic (or subacute) and a chronic 
glomerulonephritis, whereas Aschoff (1921) discriminates an acute 
inflammation, a stage of regeneration and reparation, and a stage of 
scar formation The second stage of all writers corresponds to the 
large white or mottled kidneys, whereas the third stage corresponds 
to the secondary contracted kidneys 
It IS sometimes difficult in individual cases to deade by autopsy 
which stage is present This is true espeaally in subchromc and 
chronic stages Fahr presents in his handbook (1925) such a case 
which anatomically resembled the second (subchronic) stage But 
because of a duration of three to four years he ascribed this case to 
the chronic stage Generally one might speak of a third stage (termi- 
nal chronic) -when, macroscopically, the consistency of the kidneys 
ccomes firmer and the differentiation between cortex and medulla 
more indistinct, when, histologically, the parenchyma becomes wasted 
oa Arge extent and the glomeruli irregular in size and lesion In the 
ronic stage the kidneys may still be enlarged (as in case 20) But 
usua ly one finds all transitions of axtensive shnnkage 

xcept cases 41 and 47 , all cases of this group w ere pure glomerulo- 
nep ntis The outslandmg lestons were dtjftise changes of all or nearly 

g omeruh Vascular lesions of degenerative nature were absent or 
insignificant 

sub'h'^^ shoned anatomical changes charactenstic for the 

du These were, as mentioned above, cases of short 

term Passed chnically' directly from the acute to the 

resn 'T ^kh nitrogen retention three and five montlis 

ocnc^ acute onset The kidneys were large and white with 

lonal blood dots on their surfaces The consistency was doughy 
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In summary, one can say that in chrome nephritis the oxygen ca- 
pacity of the blood seldom falls below 15 volumes per cent without the 
concurrence of a marked deficit in urea excreting abihty, and of a 
condition bearing a grave prognosis However, the relationship 
between the degree of anemia and the loss of renal function or the 
probable duration of life is most irregular, occasional cases making, as 
shown by the progressive faU of blood urea clearance and the chnical 
signs, an obviously inevitable approach to urermc death with but 
slight fall in blood hemoglobin content While the presence of anemia 
signifies a grave prognosis, the maintenance of nearly normal hemoglobin 
does not gainsay the immediate onset of uremia 

ANATOMICAL CHANGES OBSERVED IN TERMINAL HEMORRHAGIC 

NEPHRITIS® 

Of the 50 cases of hemorrhagic nephritis which we report 25 died 
and autopsies were permitted on 11 (nos 20, 22, 23, 34, 37, 38, 39, 41, 
42, 45 and 47) Two passed into the terminal stage directly from the 
acute, while the other 9 first passed through more or less prolonged 
periods in the intermediate active chrome stage before they reached 
the terminal 

In every case practically all of the glomeruli were destroyed This 
finding, taken with the fact that the blood urea clearance was reduced 
to the neighborhood of 5 per cent of normal or lower in these terminal 
cases, indicates the probability that in hemorrhagic nephritis the fall in 
blood urea deal ance is proportional to the glomerular destruction 

Five of these cases, nos 38, 39, 41, 45 and 47, were climcally classi- 
fied, because of marked hypei tension and cardiac enlargement, as arteno- 
sclerotic in addition to the primary hemorrhagic disease All of these 
cases showed, in addition to the glomerular destruction, marked arteriolar 
changes at autopsy 

The two cases, nos 22 and 23, which went from the acute stage directly 
into the terminal, in contrast to the othet nine, did not show contracted 
kidneys, although glomerular destruction was practically complete 
The kidneys were of the large white type, and corresponded histologi- 
cally with the descnptions by which Volhard and Fahr (1913) and 

’ Detailed reports of the autopsy examinations are given below with the case histones 
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Ophuls (1916) distinguished what they term the subacute or sub- 
chronic form of glomerulonephritis * 

Diffuse hemorrhagic glomerulonephntis is generally classified by 
pathologists into three stages Volhard and Fahr (1914) and Ophuls 
(1916) distinguish an acute, a subchromc (or subacute) and a chrome 
glomerulonephritis, whereas Aschoff (1921) discnminates an acute 
inflammation, a stage of regeneration and reparation, and a stage of 
scar formation The second stage of all wnters corresponds to the 
large white or mottled kidneys, whereas the third stage corresponds 
to the secondary contracted kidneys 
It IS sometimes difficult in individual cases to decide by autopsy 
which stage is present This is true especially in subchromc and 
chrome stages Fahr presents in lus handbook (1925) such a case 
uhich anatomically resembled the second (subchromc) stage But 
because of a duration of three to four years he ascribed this case to 
the chronic stage Generally one might speak of a third stage (termi- 
nal chronic) when, macroscopically, the consistency of the kidneys 
becomes firmer and the differentiation between cortex and medulla 
more indistinct , w hen, histologically, the parenchyma becomes wasted 
to a large extent and the glomeruli irregular in size and lesion In the 
chrome stage the kidneys may still be enlarged (as in case 20) But 
Usually one finds all transitions of extensive shnnkage 
Except cases 41 and 47, all cases of this group were pure glomerulo- 
nephnbs The oulslandmg lesions were diffuse changes of all or nearly 
all glomeruli Vascular lesions of degenerative nature were absent or 

insignificant 

Cases 22 and 23 show ed anatomical changes characteristic for the 
su ichronic stage These were, as mentioned above, cases of short 
ter^*^'°*i passed clinically directly from the acute to the 

Mmina stage, and died with nitrogen retention three and five months 
pectivdy after acute onset The kidneys were large and white with 
asiona blood dots on their surfaces The consistencj was doughy 


“S of ‘ ot Volhard and Tahr (1914) concera- 

J^ounl of grods between degree of functional deficit of the kidneys and the 
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The cortex was well marked off from the medulla Histologically it 
was found that the renal architecture was still well preserved There 
was only a slight scar formation Case 22 belonged to the intra- 
capillary, and case 23 to the extracapiUary form The glomeruli of 
case 22 were unusually nch in fibnnoid substances Many of the 
tubules were degenerated in both cases The vascular changes were 
insigmficant Case 23 showed only a shght cardiac hypertrophy and 
case 22 none at all Both cases died with bronchopneumonia, but 
uremic symptoms were already present in one and, from the low level 
of the blood urea clearance, appeared inevitable in the other 

In the remaimng cases death occurred only after the disease had run 
the usual more prolonged course, through the chrome active stage to 
the terminal The histological changes likewise belonged to the 
chronic stage Only in case 20, of two years duration, was it doubtful 
whether one should ascribe it, from the histology, to the second or to 
the third stage The kidneys still were much enlarged and pale in 
color But the consistency was already firmer, the surface was very 
finely granulated, and the differentiation between cortex and medulla 
was no longer distinct Also, a marked cardiac hypertrophy was 
already present The deciding factor for our diagnosis of a third stage 
(terminal at end of chrome glomerlar) was the histology showing 
an extended destruction of the renal architecture (fig 1) The out- 
standing lesion of the glomeruli was a diffuse hyalimzation of the loops 

Case 42 is a further example of beginmng shnnkage On the one 
hand, the kidneys were already decreased in weight and their surfaces 
were shghtly granulated But, on the other hand, the kidneys were 
still of doughy consistency and their cortex was well marked off from 
the meduUa That the disease here was in the chronic stage was 
shown by the histology, which greatly resembled that of case 20 
Also, a marked cardiac h3T)ertrophy was found 

Cases 20 and 42 died in uremia 

The remaimng 5 pure cases (nos 34, 37, 38, 39 and 45) showed 
advanced contracted kidneys, which, in most instances, were grayish 
in color and showed both fine and coarse granulations All were firm 
in consistency. The differentiation between cortex and medulla was 
indistinct or missing The cases all showed marked cardiac hyper- 
trophy and all died in uremia, except one who died with confluent 
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broncliopneumoma Histologically, these older cases differed from 
those which passed directly from acute to terminal stage by the exten- 
sive destruction of the renal architecture and the greater irregularity 
of the glomerular changes which had occurred dunng the longer 
disease Besides numerous entirely hyahnized glomeruh there were 
glomeruli which still contained one or more loops filled with blood 
As might be expected from the vanety of the lesions, certain features 
were found which bestowed an individual aspect upon each case In 
cases 34 and 38, the glomeruli were still very large and nch in nuclei, 
whereas m case 37 the hyalimzation of the glomerular loops was out- 
standing In cases 39 and 45 there was a striking slight proliferation 
and desquamation of glomerular epithehal cells which, according to 
Fahr (1925), gives the impression of a more rudimentary inflammation 
In the wasted parenchyma, islands of better preserved tubules were 
seen, as is v, ell shown by figure 11 The dilatation of these tubules is 
looked upon as an attempt at compensation, whereby the orgamsm 
seeks to enlarge the secreting surface Some of the epithehal cells of 
these tubules showed fatty degeneration, whereas hyahne-droplet 
degeneration was rare or missing 

The vascular changes vancd a great deal in these cases An ad- 
vanced intimal hyperplasia was seen in cases 38, 39 and 45 An 
cndartentis was found in all cases, but reached higher degrees only in 
cases 38 and 39, which during life showed exceptionally high blood 
pressures In case 38 also some necroses in the wmlls of the arterioles 
■were seen Hyalimzation and fatty degeneration were present in 
all cases But they were only shght in most instances and were not 
comparable to the changes which are usual in artenolosclerosis 
Among the eleven cases autopsicd in the hemorrhagic group nos 41 
and 47 were not pure cases of glomerulonephntis The glomeruli of 
oth cases were diffusely changed, mainly by hyalimzation of the 
oops But in addition both cases showed an extensive hyalimzation 
and fattj degeneration of the artenoles, and advanced intimal hy-per- 
P asia of the medium sized and larger arteries and an endarteritis ivith 
some necroses of the small artenes Case 41 furthermore show ed a 
fresh pyclontpluiUs 

That in hemorrhagic nephritis we have to deal with a glomerulo- 
ncphntis is shown by the presence regularly of diffuse disease of the 
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glomeruli (It is improbable that in case 41 the fresh pyelonephritis 
was responsible for the diffuse hyalinization of the glomeruh Accord- 
ing to all we know the glomerular lesions were much older than the 
pyelonephritis ) However, it is more difficult to decide whether the 
arterio- and arteriolosclerosis in cases 41 and 47 was of secondary nature 
or whether it existed independently of the glomerulonephritis We 
are inclined to beheve that it did so exist and that we have to deal in 
cases 41 and 47 with combined primary and secondary contracted 
kidneys Aside from the fact that the arterio-, and, especially, the 
arteriolosclerosis, were of a high degree, the macroscopical granulation, 
partly caused by islands of compensatory dilated tubules, was also 
partly caused by scarred retractions of the parenchyma This point 
IS emphasized by Aschoff (1921) Furthermore, we found an advanced 
atherosclerosis also in other parts of the bodies of these two cases 

ABSTRACTS OE HISTORIES AND AUTOPSY REPORTS OP CASES OP HEMOR- 
RHAGIC bright’s disease 

A brief abstract is given of each case history covering some signifi- 
cant points not shown in the charts 
For each case in which an autopsy was obtained a report is also 
given of the post mortem observations, with microphotographs of 
kidney sections Autopsies were obtained in cases 20, 22, 23, 34, 37, 
38, 39, 41, 42, 45 and 47 

Case 1 Hospital No 5312 E A , male, 29 years Hemorrhagic 
Bright’s disease Acute — > recovery 

Three months before admission he had tonsilhtis and otitis, followed by 
edema Albummuna and a blood pressure of 140 mm were found 

On admission the otitis had cleared up Some tonsillitis was found The 
urine sediment contamed many erythrocytes and erythrocyte casts and a 
few granular casts The heart size was normal Wassermann reaction 
was negative Blood urea nitrogen 21 mgm per cent, blood creatinine 1 64 
mgm per cent and the basal metabohc rate — 6.6 per cent Durmg obser- 
vation the casts disappeared The tonsils were removed without exacerba- 
tion of the Bright’s disease 

Patient was reexammed 4 years after first admission Blood pressure was 
116/80 and all urinary findings negative Nephritic apparently completely 
healed 
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Case 2 Hospital No 5650 S A, female, 52 years Hemorrhagic 
Bright’s disease Acute — > recovery 

One month before admission she had a severe cold followed by empyema m 
theleft antrum One week before admission hematuria was found 
On admission theurme sediment contained many erythrocytes and leuco- 
cytes, some granular and erythrocyte casts The eyegrounds were normal 
Heart somewhat enlarged Culture of the washings from the antrum show ed 
hemolytic streptococci Wassermann reaction was negative Blood urea 
nitrogen 22 mgm per cent, blood creatinine 1 59 mgm per cent 
The smus cleared up under local treatment She was in good condition 
when discharged ^\^len seen 13 months after admission the unne sedi- 
ment and blood pressure were both normal 

Case 3 Hospital No 5918 A M , female, 23 years Hemorrhagic 
Bright’s disease Acute —> recovery 

One month before admission pentonsillar abscesses on both sides were 
follow ed by edema Albumin, blood, and casts were found in tlie urine 
On admission chrome tonsillitis was found The urine sediment con- 
tained many erythrocytes and erythrocyte casts, some leucocytes and hy- 
aline, epiUiehal, and granular casts The eyegrounds were normal The 
heart was not enlarged 

During observation the number of cells and casts in the urine decreased 
rapidlj Sdven months after admission the casts had disappeared 
completelj 

Three months after admission the tonsils were removed, without exacer- 
bation of patient’s nephritis She returned to hospital for examination a 
>ear after her first admission There was no albuminuna, but a concen- 
trated 12 hour spccunen contained 1,482,000 red cells, 946,000 white and 
epithelial cells, and 210,000 hyaline casts The blood pressure was 100/68 

Case 4 Hospital No 6164 R S , male, 31 years Hemorrhagic 
'ight I disease Acute — > recoverj 

The patient was admitted because of a severe pneumonia, caused by pneu- 
mococcus Type 11 (atypical) During the convalescence from pneumonia 
an acute nephritis developed, and in the unne sediment many crytlirocylcs 
anc crythroevte casts appeared Some hyaline and granular casts were 
present also during the pneumonia Only few Icucocy tes w ere present and 
DO oublj refractive bodies The eyegrounds were normal The heart 
auc was normal Wassermann reaction was negative Blood urea N, 12 
mgm per cent, and plasma cholesterol, 250 mgm per cent During the 
pneumonia the blood creatinine was found to be 1 45 mgm per cent 
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In the next 2 weeks the blood urea nitrogen increased to 97 mgm per 
cent and the blood creatmine to 6,29 mgm per cent Two weeks later the 
blood creatinme was 3 75 mgm per cent The sediment still showed some 
erythrocytes and erythrocyte casts The tonsils were removed 6 months 
after the onset of disease, without causing a recrudescence One month 
later a concentrated 12-hour specimen of unne contamed no albumin, and 
5,500,000 red cells, 782,000 white blood and epithehal cells, and 54,000 
hyahne casts, in a 12-hour collection The disease was considered to be 
latent 

Case 5. Hospital No 6768 T. V , male, 3 years Hemorrhagic Brighl’s 
disease Acute — > recovery 

The patient had had chrome bronchitis for one and one-half years Two 
weeks before coming to hospital he had developed bilateral otitis media 
Two days before adimssion gross hematuna had occurred which was ac- 
companied by oliguria 

On admission the patient showed shght pitting edema of the lower ex- 
tremities Gross hematuna was present Blood casts were seen in the 
sediment The protem excretion in the unne was 5 grams dunng the first 
24 hours The blood urea mtrogen was 19 mgm per cent The plasma 
cholesterol was 319 mgm per cent A phenolsulphonephthalein test re- 
vealed 72 per cent return of the dye m 2 hours The total protem of the 
blood plasma was 6 9 per cent 

Two days after admission the patient suffered an attack of hypertensive 
cnsis — ^resulting in a temporary nght hemiplegia from which he recovered 
rapidly Gross hematuna disappeared on the seventeenth day The pro- 
tein excretion in the urine dropped to a trace dunng the first month Blood 
pressure levels both systohe and diastohc dropped to normal during the first 
week Dunng the first two weeks a loss of weight (edema) to the extent of 
4 kgm occurred. 

During the subsequent 4 months that the patient was observed, the num- 
ber of red cells m concentrated 12-hours urine specimens became rapidly 
less and on discharge but 2,000,000 were found m unne passed durmg the 
last 12 hours of a 24-hour dry diet (normal is 500,000) The number of 
casts and white blood cells were reduced m the same proportions Tonsil- 
lar tabs and adenoids were removed as added precaution against continued 
activity of the kidney lesion The plasma proteins remained normal 
The blood urea mtrogen varied between 8 1 and 19 mgm per cent When 
discharged the presence of a quantitatively slight hematuria was the only 
evidence of renal disease Exammation 3 months later, 8 months after 
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onset, showed normnl blood pressure, renal function and unne sediment, or 
apparently a complete recover^' as far as could be demonstrated 

Caie 6 Hospital No 5335, C C , male, 13 to 16 years Hemorrhagic 
Bnghl's disease Acute — > latent 

Six > ears before admission he had acute nephritis with much edema The 
attack cleared up m two months Since then he has felt m perfect health 
The urine has not been examined Six weeks before admission hematuria 
and slight edema appeared 

On admission the urine sediment contained many erythrocytes and a few 
hyaline and granular casts The heart size was normal Blood urea mtro- 
gen 22 mgm per cent and blood creatinine 1 29 mgm per cent 

During observation the number of casts in the sediment decreased and 
disappeared at the same time as the erythrocj’tes The blood pressure, 
blood urea nitrogen and creatinine remained normal 

Tout months after discharge there were still a few red cells, and hyaline 
casts in the urine, along with a trace of albumin Two years after discharge, 
the unne show cd onlj a very faint trace of albumin, the sediment contained 
tcij occasional red cells The blood pressure remained normal 


Case 7 Hospital No 5240 B B, male, 34 years Hemorrhagic 
Bnghl's disease Acute — » latent 

Ihe last 5 years before admission he had recurrent tonsilhtis Three 
weeks before admission he had a peritonsillar abscess Tw'o days before 
admission edema appeared 

On admission chrome tonsdhtis was found The unne sediment contained 
many ery throcy tes and some hyalme and granular casts The heart w as not 
enlarged Wassermann reaction was negative Blood urea nitrogen 50 
mgm per cent, blood creatinine 1 57 mgm per cent, and the basal metabohe 
rate ~7 i per cent 


The number of casts decreased gradually and they disappeared between 
and 15 months after admission The blood urea nitrogen rapidly fell to 
normal A tonsillectomy was performed, and was followed by a heavy 
ematuna, which cleared up m a few days Several re-exammations 
s oned only trices of albumin in tlie unne There was still a faint trace 
a months after his first admission, although tlic sedunent was then nega- 
I' e, and the blood pressure normal 


Car,, s Hospital No 5875 N T, male, 29 years HemorrI agic 
it s disease Acute— ♦ latent 
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For 3 weeks before admission the patient felt weak and chiUy Three 
days before admission edema appeared and albumm and casts were found 
in the unne 

On admission the urine sediment contained many erythrocytes, a few 
leucocytes and hyahne, granular and erythrocyte casts The heart size 
was normal Wassermann reaction was negative Blood urea nitrogen 37 
mgm per cent and blood creatimne 1 87 mgm per cent 

In a few days the blood pressure came down to normal After the first 
2 months of observation the urine sediment showed only few etythrocytes 
and single hyaline and granular casts When he was seen 5 months after 
onset of disease, there were still red cells, and occasional red cell and granu- 
lar casts to be found Albuminuria amounted to only a very famt trace 

Case 9 Hospital No 5665 A A , male, 35 years Hemorrhagic 
Bright’s disease Acute latent 

For many years several of his teeth have been infected and alveolar 
abscesses have formed Two weeks before admission he had lumbar pain 
and edema, albuminuria and hematuria appeared 

On admission the urine sediment contained many erythrocytes, some 
leucocytes and hyaline and granular casts The eyegrounds showed blurr- 
mg of the outhnes of the discs and fresh retmal hemorrhages The heart 
was somewhat enlarged to the left The gums showed gingivitis, from 
which Vmcent’s orgamsm was obtained Wassermann reaction was nega- 
tive Blood urea mtrogen 68 mgm per cent, blood creatimne 1 73 mgm 
per cent 

Three weeks after admission the gingivitis grew worse For about a week 
there was nausea, headache and a distinct drowsiness The blood urea 
mtrogen rose to 209 mgm per cent and the creatimne to 10 84 mgm per 
cent Under local treatment the mouth cleared up, the general condition 
improved and in 3 months the blood urea nitrogen and creatinine decreased 
to normal values Twelve and 20 months after admission the patient was in 
good condition and able to work 6 hours daily The casts had decreased 
gradually in number and had disappeared 20 months after admission 
There was albumin in the unne, amounting to 0 18 gram per hter 

Case 10 Hospital No 5681 J B , male, 8 to 9 years Hemorrhagic 
Bright’s disease Imtial — > latent — ^ recovered 

He has had frequent attacks of tonsilhtis since the age of 4 Four months 
before adnussion edema appeared Three months later gross hematuria 
was noticed 
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On admission chronic tonsillitis was found The unne sediment con- 
tained many erythrocytes, leucocytes, and granular and erytlirocyte casts 
The heart size was normal Wassermann reaction was negative Blood 
urea nitrogen 79 mgm per cent and blood creatmine 1 90 mgm per cent 
Tonsillectomy was performed 3 weeks after admission Improvement 
m the Bright’s disease followed almost at once (see chart) The number of 
erythrocytes in the sediment decreased, the erythrocyte casts disappeared 
and the granular casts were much reduced in number Since 5 months after 
admission the blood urea nitrogen and creatinine have shown normal values 
Two years after admission, improvement was still taking place There was 
0 25 gram of albumin per liter in the unne, and in the sediment a few red 
cells, and a very few h> aline casts The case had entered the latent phase 
Three and one-half years after admission signs of renal diseases w ere entirely 
negative 

Case 11 Hospital No 6777 R D F, female, 11 years Hemorrhagte 
Bright’s disease Acute — > latent 

The patient had a history of sore throats for several years — tonsillectomy 
and adenoidectomy had been performed 4 years previousl> One year 
before admission a sore throat had occurred accompamed by cervical 
adenitis One i eek previous to admission adenitis again occurred Five 
days later and tw o da> s before admission gross hematuna appeared 
On admission to hospital hematuria and generalized edema were present 
The blood urea N was 114 mgm percent Plasma NPN 128 mgm per 
tent A phcnolsulphonephthalein test revealed but a 12 per cent return of 
tlic dje m two hours The protein excretion in the unne was 8 grams 
daily 

Dunng the first montli that the patient was under obserxation the blood 
urea N fell to 21 mgm per cent A drop in protein eitcretion to 1 gram per 
day and a decrease in a\ eight of 6 kgm also occurred, after whicli no edema 
was observed Gross hematuna continued Thcphenolsulphonephtlialein 
e-XCTction rose to 34 per cent in two hours 

10 subsequent three months the blood urea N vaned between 

and 20 mgm percent Gross hematuna disappeared dunng the second 
month altliough red blood cells and blood casts w ere present in concentrated 
Urine specimens in large numbers Protcinuna decreased to 0 2 gram daily 
uring the fourth month The 2-liour phthalcin excretion rose to 67 per 
tent before discharge from the hospital four montlis after onset 
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and a fev er>tlirocyte casts The e>egrounds were normal The heart 
was Eomenhat enlarged Blood urea mtrogen 149 mgm per cent Blood 
creatinine, 2 0 mgm per cent on admission, rose dunng 3 w eeks to 4 9 mgm 
Dunng observation the number of crj'throc> tes, leucocytes and casts 
m the urine decreased \erj much, but a few of each were still present S 
months after admission The blood urea mtrogen and creatimne became 
normal about 3 months after admission Patient returned to w ork as chauf- 
feur, and refused to come back to hospital for subsequent examinations 

Case 15 Hospital No 5441, F C , male (colored), 25 years Bemor- 
t 1 ape Bright’s disease Acute — » latent 
1 11 e j ears before admission he had primary sj’philis He never had any 
secondary or tertiary sjanptoms For 5 weeks before admission he had had 
bronchitis and for four and a half weeks edema 
On admission the unne sediment contained some erj throcj tes, a few 
leucocjtes, and many granular casts The heart was not enlarged Was- 

sermann reaction was strongly positive Blood urea nitrogen 21 mgm 
per cent and blood creatimne 1 30 mgm per cent The basal metabolic 
rate was —61 per cent 

During observation the erythrocytes disappeared from the urine sedi- 
ment, and the number of casts decreased Blood pressure, blood urea nitro- 
gen, and creatinine reraamed normal The last 4 weeks of observ ation the 
patient had daily inunctions of mercury He reported h mself m good 
health two and one-half years after admission, consequcntlj it is probable 
that his nephritis had eitlier healed or become latent He could not return 
for examination 

Case 16 Hospital No 6538 J Y , female, 25 jeats Bemorrhagie 
Bright’s disease Acute — ♦ latent 

No histor> of previous infections Eight months before admission hema- 
turia had appeared, followed bj edema Hematuna had disappeared in 
two months, and edema had become more pronounced 
On admission pitting edema of the lower extremities was present A 
12 hour concentrated speamcn of unne showed 1,900,000 red blood cells, 
,000,000 1 lute blood and cpitlielial cells, and 125,000 lij aline casts The 
protein excretion in the urine was 3 5 gram dailj Tlic blood urea N was 
' mgm per cent The phenolsulfoncphihalein test re\ caled a 54 per cent 
return of the dje m two hours 

During the 8 months that the patient was under observation the blood 
pressure rtmaincd normal The phthalein excretion rose to abo\ e 60 per 
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Case 12. Hospital No 5520 V M , female, 7 years Height 113 7 
cm Hemorrhagic Bright' s disease Acute — > latent with hypertension 

Two weeks before admission edema appeared and albimununa was found 

On admission chrome tonsilhtis was found The urme sediment con- 
tained many erythrocytes and erythrocyte casts, a few leucocytes and some 
hyahne and granular casts Blood urea nitrogen 145 mgm per cent and 
blood creatmine 2 61 mgm per cent 

Dunng the first month of observation the blood urea mtrogen and blood 
creatimne decreased to normal values The urine sediment did not change 
significantly except for a decrease in the number of erythrocytes and ery- 
throcyte casts Tonsillectomy was earned out, and did not appear to influ- 
ence the course of the Bnght’s disease When the 7 year old patient was 
seen 20 months after admission blood pressure had nsen to 160/110 and 
generahzed arteriosclerosis and cardiac hypertrophy were noted There 
were stiU occasional red cells in the unne, but no note of casts, alburmn was 
only a very faint trace The Bnght’s disease was considered to be latent, 
and the cardio-vascular disease occupied the foreground 

Case 13 Hospital No 5186 D G , male (colored), 29 years Hemor- 
rhagic Bright's disease Acute — > latent 

One month before admission edema was noticed 

On adimssion chrome tonsdhtis was found The unne sediment con- 
tained a few erythrocytes, some leucocytes and many hyahne and granular 
casts The eyegrounds were normal The heart was somewhat enlarged 
Wassermann reaction was negative Blood urea mtrogen 38 mgm percent, 
blood creatimne 1 86 mgm per cent and plasma cholesterol 231 mgm per 
cent Five months after admission the basal metabohe rate was — 16 7 
per cent The blood pressure soon fell to normal The number of casts 
gradually decreased somewhat The blood urea mtrogen remained normal, 
4 months and 7 months after admission it showed minimum values of 12 and 
16 mg per cent respectively Patient was discharged after 10 months, 
subjectively well Six months later he was still well, despite continued pro- 
temuna, and his plasma protein content had improved 

Case 14 Hospital No 5295 A S , male, 29 years Hemorrhagic 
Bright's disease Acute — » latent 

Two weeks before adimssion the patient had pentonsiUar abscesses fol- 
lowed by edema 

On admission chrome tonsdlitis was found The urme sediment con- 
tained many erj’-throcytes and leucocytes, some hyhne and granular casts 
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Case IP Hospital No 4423 M A , female, 16 to 20 j ears Hentor- 
rhagic Bnght’s disease Acute terminal — > exitus 

Two months before admission albuminuria was acadentally found, and 
shortly afterwards edema appeared 

On admission an abscess of the nght gum and several badly decayed teeth 
were found The unne sediment contained many erythrocytes, few leuco- 
cytes, and many granular and a few erythrocyte casts The eyegrounds 
were normal Wassermann reaction was negative Blood urea mtrogen 
was 28 mg per cent and plasma cholesterol 255 mg per cent 
During the 3| years observation the blood urea nitrogen and crcatinme 
gradually rose After 2 years they were 89 and 3 2 mgm , after 3 years 253 
and 6 0 mgm and 12 days before death they w ere 328 and 8 1 mgm per 
100 cc respectively 

Death occurred in uremia and cardiac failure The autopsy showed 
cardiac hvpertrophy and contracted kidneys with extensive chrome hemor- 
rhagic Bnght’s disease 

Case 20 Hospital No 4911 and 5386 S J , female (colored), 35 years 
Eemorrliagic Bnghl’s disease Acute—* active chronic—* terminal—* death 
Two months before admission edema appeared 

On admission the unne sediment contained some leucocytes, occasional 
erythrocj tes and many hyaline and granular casts The eyegrounds were 
normal The heart was not enlarged Blood urea nitrogen was 9 mgm 
per cent Ihirteen months after admission the basal metabohe rate was 
~6 0 per cent 

Dunng observation tlic blood urea nitrogen increased gradually and was 
132 mgm per cent two weeks before death, which occurred in uremia 
Aulops^ No 249/1926 Autopsy commenced 9 hours after dcatli 
Death in uremia Cardiac hypertrophy Small fresh areas of broncho- 
pneumonia Old adherent pleurisy and pericarditis Old pensplemtis and 
penhepaliiis Ascites Chronic cholehthnsis Slight arteriosclerosis of 
the spleen Slight atlieroraatosis of the aorta 
The right kidney weighed 165, Uie left 220 grams The capsule stopped 
null difScully Both kidneys were firm Their surface was very finely 
granulated and pale in color Hemorrhages were absent The cortex was 
of about normal wndth and pale in color T he diffcrcnUalion of cortex and 
medulla was not sharp The right kidney contained at the upper pole a 
cyst the size of an acorn 

\turoscapic exaimnatiou All g’omeruh are more or less diseased (fig 1) 
etr loops are changed n oslly into thick hyaline or proioplasmalic masses 



316 


D D VAN SLYKE ET AL 


cent in 2 hours and remained above that level In concentrated 12-hour 
specimens the urme sediment showed a variation m red blood cells between 

150.000 and 2,860,000, the white blood cells and epithehal cells between 

1.500.000 and 4,000,000, and the hyahne casts between 60,000 and 250,000 
The protein excretion dimimshed to 0 5 gram daily at the end of the ob- 
servation period At no time was the blood urea mtrogen above 17 mgm 
per cent 

Case 17 Hospital No 5482 R G , male, 11 to 12 years Hemor- 
rhagic BrigltVs disease Acute — ^ active chrome 

Two years before admission he had mastoiditis He was operated on and 
a draimng smus remained Three weeks before admission edema appeared 
and albumm and casts were found in the urine 

On admission the open pus-secretmg mastoid process lesion was seen 
The urme sediment contamed many erythrocytes, some leucocytes and hy- 
ahne and granular casts and a few erythrocyte casts and doubly refractive 
bodies The eyegrounds were normal The heart was not enlarged 
Blood urea nitrogen 29 mgm per cent and blood creatimne 1 24 mgm per 
cent During the second month in hospital a secondary mastoid operation 
was done, and satisfactory heahng occurred 

During observation there was no significant change in the urme sediment, 
plasma proteins, blood urea mtrogen or creatimne The case was evidently 
an active chrome one when discharged 18 months after first observation 

Case IS. Hospital No 5316 A C , female, 27 years Hemorrhagic 
Bright's disease Acute — > active chrome 

Five weeks before admission edema appeared and albuminuria was 
found 

On admission chrome tonsilhtis was found The urine sediment con- 
tained many erythrocytes, a few leucocytes and some hyahne and granular 
casts The heart size was normal Wassermann reaction was negative 
Blood urea mtrogen 20 mgm per cent, blood creatimne 1 36 mgm per cent 
and the basal metabohe rate —95 per cent 

Some time after admission a bleeding urethral pol}^) was found It was 
removed by operation 5 months after admission Erythrocyte casts were 
recorded twice The unne sediment did not change sigmficantly, occa- 
sionally doubly refractive bodies were found The blood pressure remamed 
normal The blood urea mtrogen and creatimne increased slowly, 13 
months after admission they were 36 and 2 08 mgm per cent respectively 
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nnd \\a‘; bO mgm per cent 11 months after admission The blood creati- 
nine at this lime was 3 64 mgm per cent Eleven months after admission 
the patient died at home from diphtheria No autopsy 

Case Z2 Hospital No 6029 HI K , female, 24 j ears Hemorrhagic 
Bright's disease Acute — » uremic death 
1 1 \ e w eeks before admission she had diarrhoea and a omiling One av eek 
later edema was called to her attention 

On idmission considerable gingivitis avas found The urine sediment 
contained some erj lhroc> tes, leucocjtes, doubly refracliae bodies, and 
h> aline and granular casts The heart was somewhat enlarged Wasser- 
niann reaction aaas negative lilood urea nitrogen S8 mgm jier cent 
Blood creatinine 1 76 mgm per cent 

During observation ammiting and nausea were present The number of 
cists increased, and some of these aaere broad (Addis’ renal failure casts) 

1 he blood urea nitrogen rose to 170 mgm per cent and blood creatinine to 

2 67 mgm per cent The patient then contracted atjpical pneumonia, 
caused liN Ij-pc IV pneumococcus One day before death the blood urea 
nitrogen was 418 mgm per cent and blood creatinine 4 S4 mgm per cent 
Pile autopsN showed pneumonia, jiancrcalic fat necrosis, cardiac hyper- 
trophy, large mottled kidneys, with evtensue hyaline degeneration of the 
glomeruli and in some places crescent formation 1 here was tubular a trophy 
and degener ition 

lidopsy Autopsy No 281/192" Autopsy’ commenced 3 hours after 
death 

Death by coiiducnt bronchopneumotua Empyema of the right pleural 
catity Moderate cardiac hepertropha Serous pericarditis and ascites 
Iibrmous perisplenitis Old healed endocarditis mitralis Moderate 
atheromatosis of the aorta, aortic cusp of the mitral \ al\ e and of the coro- 
nary arteries 

Ihe right kidnea weighed about 200, the left 210 grams 1 he capsule 
stripped easiU Both kidneys were doughy in consistency In each kid- 
nc\ ihcsiirfaccwasrelatiaelvsmoothwithacry line,slightgranulations It 
" isaellowish white in color and contained occasional rcrl dots I he cortex 
w as a little enlarged and in color similar to the surface E me radiate brow n- 
is 1 stripes were Msiblc m it Ihecortcx wasfairh well marked off from the 
brown red medulla 

^hieroscopir examination Ml glomcnth are more or less sc'crch clanged 
V'K 3) Their tufts are partl\ or ciuireh changed into thick hyaline or 
I innoid niasie-b which are in p irt stained blue b\ Gram (hg 4} 1 he nuclei 
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the lumina of which frequently can no longer be recognized (fig 2) Part 
of the glomeruh show increased numbers of nuclei and are poor in erythro- 
cytes Occasionally one finds small necroses of the loops (fig 2). Hemor- 
rhages in the capsular spaces were not seein Nearly all glomeruli are ad- 
herent to the capsules, often to a large extent Tlie capsules are mostly 
nch in nuclei and thickened by masses stained red by Van Gieson Fre- 
quently one sees crescents nch in nuclei. The panetal epithelial cells are 
often increased in number and size Fairly many glomeruh are entirely 
hyahmzed 

The parenchyma is much destroyed (fig 1) and penetrated by scars which 
are rich in coUagenous connective tissue and in capillaries dilated with blood 
Frequently they contain round cell infiltrations and occasionally polymorpho- 
nuclear leucocytes, which may enter the tubules Xanthoma like cells 
were not seen The tubules of these regions are in all stages of atrophy and 
degeneration up to entire disappearance. Between the scars one sees 
islands of better preserved tubules which are much dilated They contain 
coagulated protem, some desquamated epithehal cells, some casts and in 
some places many pol 3 miorphonuclear leucocytes (fig 1) Occasionally 
one sees calcified casts The epithehal cells are mostly flattened In single 
tubules one sees also hyahne-droplet degeneration Occasionally one finds 
distmct signs of regeneration 

Some' arterioh show an endarteritis The larger arteries show a well 
developed intimal hyperplasia The medulla is nch in collagenous connec- 
tive tissue In some places it contains scars rich in capillaries dilated with 
blood The tubules are frequently atrophic or degenerated and contain an 
exudate similar to that of the cortex. 

Anatomical diagnosis Chronic glomerulonephntis Secondary arterio- 
sclerosis 

Case 21 Hospital No 5254 M. M , female, 19 years Honorrhagtc 
Bright’s disease Acute — > death from diphtheria 

For some years she has had frequent colds One week before admission 
edema appeared 

On admission the unne sediment contained some erythrocytes, leuco- 
cytes and granular casts and a few hyahne casts The eyegrounds were 
normal The heart was not enlarged Wassermann reaction was negative 
Blood urea nitrogen 26 mgm per cent Blood creatmine 1 58 mgm per 
cent 

During observation the number of casts increased somewhat The 
blood urea nitrogen during the first 4 months was about 35 mgm per cent 
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and was 80 mgm per cent 11 months after admission flic blood creati- 
nine at this time was 3 64 mgm per cent Eleven montlis after admission 
tlic patient died at home from diphtlieria No autopsj 


Case 22 Hospital No 6029 M K , female, 24 years IJcmorrlmgic 
Brighl's disease Acute — » uremic death 
r ive w ccks before admission she had diarrhoea and vomiting One w eek 
hter edema w as called to her attention 

On admission considerable gingivitis was found The urine sediment 
contained some erj throc> tes, leucocytes, doublj refractive bodies, and 
h) aline and granular casts The heart was somewhat enlarged Wasser- 
mann reaction was negative Blood urea nitrogen 58 mgm per cent 
Blood creatinine 1 76 mgm per cent 

During observation vomiting and nausea were present The number of 
casts increased, and some of these were broad (Addis’ renal failure casts) 
llie blood urea nitrogen rose to 170 mgm per cent and blood creatinine to 
2 67 mgm per cent The patient then contracted at>pical pneumonia, 
caused bj Ij’pe IV pneumococcus One daj before death the blood urea 
nitrogen was 418 mgm per cent and blood creatinine 4 54 mgm per cent 
llic autopsy showed pneumonia, pancreatic fat necrosis, cardiac hyTier- 
trophj, large mottled kidnejs, with extensive hyaline degeneration of the 
glomeruli and in some places crescent formation 1 here w as tubular atroph> 
and degeneration 

lulapS) Autopsy No 281/192" Autopsv commenced 3 hours after 
death 


Death by confluent bronchopneumonia Empjema of the right pleural 
cavity Jlodcrate cardiac hvpertrophy Serous pericarditis and ascites 
libnnous perisplenitis Old healed endocarditis mitralis Moderate 
atheromatosis of tlie aorta, aortic cusp of the mitral vah e and of the coro- 
nary arteries 

The right kidney weighed about 200, tlic left 210 grams Ihe capsule 
stripped easily Both kidneys were doughy m consistency In each 1 id- 
ney the surface was relatively smooth with very fine, slight granulations It 
w as \ cllow isli white m color and contained occasional reel dots The cortex 
was a little enlarged and in color similar to thesurface I me radiate brow n- 
ish stripes w ere v isible m it The cortex w as fairly w ell markerl off from the 
brow n red medulla 

^turoscapic cxamuialion \U glontcntU are man or less sriereh changed 
riieir tufts ire partlv or cntirclv changed into thick hyaline or 
' mnoidm isseswhicliarein partst.iincd blucby Gram (fig 4) llienuclci 
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the lumina of which frequently can no longer be recognized (fig 2) Part 
of the glomeruli show increased numbers of nuclei and are poor in erythro- 
cytes Occasionally one finds small necroses of the loops (fig 2) Hemor- 
rhages in the capsular spaces were not seen Nearly all glometuh are ad- 
herent to the capsules, often to a large extent The capsules are mostly 
nch in nuclei and thickened by masses stamed red by Van Gieson Fre- 
quently one sees crescents nch m nuclei The panetal epithehal cells are 
often increased in number and size Fairly many glomeruh are entirely 
hyalimzed 

The parenchyma is much destroyed (fig 1) and penetrated by scars which 
are rich in collagenous connective tissue and m capillaries dilated with blood 
Frequently they contain round cell infiltrations and occasionally polymorpho- 
nuclear leucocytes, which may enter the tubules Xanthoma hke cells 
were not seen The tubules of these regions are in all stages of atrophy and 
degeneration up to entire disappearance Between the scars one sees 
islands of better preserved tubules which are much dilated They contain 
coagulated protein, some desquamated epithehal cells, some casts and m 
some places many pol 5 miorphonuclear leucocytes (fig 1) Occasionally 
one sees calcified casts The epithehal cells are mostly flattened In single 
tubules one sees also hyahne-droplet degeneration Occasionally one finds 
distinct signs of regeneration 

Some arterioh show an endarteritis The larger artenes show a well 
developed intimal hyperplasia The medulla is nch in collagenous connec- 
tive tissue In some places it contams scars rich m capiUanes dilated with 
blood The tubules are frequently atrophic or degenerated and contain an 
exudate siimlar to that of the cortex 

Anatomical diagnosis Chronic glomerulonephntis Secondary arterio- 
sclerosis 

Case 21 Hospital No 5254 M M , female, 19 years Hemorrhagic 
Bright’s disease Acute — > death from diphtheria 

For some years she has had frequent colds One week before admission 
edema appeared 

On admission the unne sediment contamed some erythrocytes, leuco- 
cytes and granular casts and a few hyahne casts The eyegrounds were 
normal The heart was not enlarged Wassermann reaction was negative 
Blood urea nitrogen 26 mgm per cent Blood creatimne 1 58 mgm per 
cent 

During observation the number of casts increased somewhat The 
blood urea mtrogen during the first 4 months was about 35 mgm per cent 
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of such tufts are often necrotic and bizarrely shaped Other parts of these 
glomeruli contain greatly increased numbers of nuclei (fig 3) partly of pro- 
liferated endothehal cells and partly of pohnnorphonuclear leucocytes 
Occasionally one sees karjokinetic figaires The tufts are thrombosed in 
some instances Part of the glomenih are enlarged Their tufts extend 
frequently into the tubules like hennas They are extreraelj poor in 
erythrocj’tes In some instances one sees adhesions of the tufts to the 
capsules In tlie glomerular spaces one sees a little coagulated protein and 
detntus The capsules are well preserved in most instances Occasionallj 
the panetal epithehal cells are increased in number A few capsules are 
thickened bj masses stained red bv Van Gieson Itelativ ely frequentlj one 
sees also crescents which occasionally are vcr 5 thick and consist of several 
layers, nch m nudei These changes are, howev er, insignificant m contrast 
to the mtracapiUary changes Several glomeruh are entirely hyalmized 
The more sev’erely changed glomeruh contain in part much fat which occa- 
sionally is doubly refractive 

The parenchyma IS penetrated bj afe« scars which are nch m collagenous 
connective tissue and capillanes dilated with blood Frequently they 
contain round cell infiltrations The tubules of these regions are in all 
stages of atrophy and degeneration up to entire disappearance The better 
preserved tubules are frequentlv dilated and contam varjang amounts of 
coagulated protein, polymorphonuclear leucocytes and desquamated epi- 
thehal cells OccasionaEy' they contain hyabne casts The epithelial cell 
of the ascending loops are swollen in part and frequently fatty di^enerated 
Hyahne-droplet degeneration is rare and insigmCcant In some places one 
sees signs of regeneration 

The artenoli are mostly well preserved Occasionally they show a moder- 
ate endartentis The larger artenes show a moderate intimal hyperplasia 
Anatomical dtagt osis Subacute gloraerulonephntis IntracapiUary 
form of Fahr 

Case 23 Hospital No 6112 F S, male, 44 years Ben orri agio 
Bright's disease Acute — ^ terminal —* exitus 
The patient 2 y ears before admission had been told that his urine con- 
tained no albumm and that his blood pressure was nonnak Four months 
prior to coming to hospital, he had contracted a sev ere cold which had been 
followed by artlmtis There had been no gross hematuria or edema 
On admission the patient was in an uremic condiOon Thee was severe 
anemia The hemoglobin vas 8 8 volume per cent O- capaatv There 
wasnoedema The heart v as not enlarged. Theunneconlaired a qcan- 
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lial and granular casts The eyegrounds were normal The heart size was 
normal Wassermann reaction was negative Blood urea mtrogen 44 
mgm per cent Blood creatinme 1 62 mgm per cent 

Plasma albumm increased gradually until it approached normal levels 
The urine sediment did not change much except for the appearance of broad 
casts 25 months after admission Sixteen months after admission a gradual 
rise began in the blood urea mtrogen and creatinine Thirty-four months 
after admission they were 213 mgm per cent and 8 58 per cent respectively, 
blood urea clearance 12 per cent of normal Lobar pneumoma occurred 
29 months after admission caused by pneumococcus Type III He made 
a good recovery lAthen seen 41 months after his first admission, he had no 
complamts, his blood urea clearance was still 12 per cent of normal, and his 
general appearance was very good He had then been 7 months at home 
unrestricted with regard to activity and diet 

Case 30 Hospital No 5699 N J , male, 23 years Hemorrhagic 
Bngbfs disease Active chronic — > terminal 

The last 3 years before admission he had several attacks of tonsillitis 
After such an attack 15 months before admission edema appeared and al- 
buminuna was found The condition improved under treatment, but the 
patient developed psoriasis, for which he was treated with chrysarobm 
Two days later the edema reappeared and was present until admission 
Three months before admission tonsillectomy was performed After this 
the systohc blood pressure rose gradually from normal to 145 mm 

On admission some patches of psoriasis were present The urme sedi- 
ment contained some erythrocytes, a few leucocytes and hyahne casts, and 
many granular casts The eyegrounds were normal, the blood pressure about 
135 / 90, the heart somewhat enlarged to the left Wassermann reaction was 
negative Blood urea nitrogen 23 mgm per cent Blood creatinme 1 93 
mgm per cent 

The edema and psonasis disappeared rapidly Smce 2 months after 
admission the patient has been able to do clencal work Twenty months 
after admission he had begun to suSer from attacks of headache and vomit- 
mg, and the blood pressure had then mcreased to 188/126 

Case 31 Hospital No 4212 H M , male, 5 to 10 years Height 105 
to 120 cm Hemorrhagic Bright’s disease Active chrome — > terminal — > 
exitus 

One brother of the mother died of acute uremia and another had acute 
hemorrhagic nephritis 
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Six months before admission edema appeared and albuminuria was found 
Both have persisted 

On admission chrome tonsillitis was found The urine sediment con- 
tained few erythrocytes and many granular casts The eyegrounds were 
normal The heart was not enlarged Wassermann reaction was negative 
Blood urea nitrogen 52 mgm per cent Plasma cholesterol 780 mgm per 
cent 

Between the 54th and 60th months after admission blood creatinine rose 
from 2 1 to 3 7 mgm per cent and blood urea N from 67 to 234 mgm per 
cent Two days before death in uremia the figures had risen to 17 0 and 
403 mgm respectively No autopsy 

Case 32 Hospital No 5068 J S , male, 15 years Height 176 cm 
ideal weight 61 3 kgm F = 0 99 Hemoirhagtc Bright’s disease Active 
chronic — > terminal — > exitus 

Two years before admission he had scarlet fever followed by acute nephri- 
tis with hematuria, hypertension and edema Since then persistent al- 
buminuna and interimttent edema have been present 

On admission the urine sediment contains very few hyaline and granular 
casts The heart size was normal Blood urea mtrogen 20 mgm per cent. 
Basal metabolic rate -f 3 2 per cent 

During observation the number of casts increased At the terminal 
stage broad casts are present The systolic blood pressure rose steadily and 
reached 202/76 before death The diastolic pressure was never found to 
be increased Enlargement of the heart was first noticed 17 months after 
admission The blood urea nitrogen and creatinine increased gradually 
and were 341 and 10 7 mgm per cent respectively, 4 days before death 
Plasma albumin oscillated between 2 32 and 3 08 per cent No definite 
signs of uremia were present before death No autopsy 

Case 33 Hospital No 5082 J L , male, 16 to 20 years Hemor- 
rhagic Bright’s disease Active chronic— > terminal — > exitus 

Three months before admission edema appeared and albuminuria was 
found 

On admission adenoid hypertrophy was found The urine sediment con- 
tained some erythrocytes and leucocytes and hyahne, granular, and cellular 
casts The eyegrounds were normal The heart size normal Wasser- 
mann reaction vas negative Blood urea nitrogen 47 mgm per cent 
Creatimne 1 51 mgm per cent Plasma cholesterol was 457 mgm per cent 
tuo months after admission Thirty-nme months after admission the 
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patient returned to hospital, complaining of -wealness, vomiting and itch- 
ing He died 8 days later, from uremia, and a sepUcemia due to strepto- 
coccus hemolyhcus No autopsy 


Case 34 Hospital No 4410 and 5055 S L , male, 18 to 20 jears 
Hemorrhagic Bright’s disease Active chronic — * terminal — > exitus 

Four months before admission edema appeared and albuminuria v.as 
found One montli later hypertension was found 

On adimssion the unne sediment contained some erythrocytes, leuco- 
cytes, and erythrocyte casts, and many hyahne and granular casts The 
eyegrounds show papillary edema and a few spots of exudate The heart 
was somewhat enlarged Blood urea mtrogen 30 mgm per cent Plasma 
cholesterol 715 mgm percent 

Dunng observation the unne sediment did not change significantly except 
for the number of erythrocytes present Twenty-six months after admission 
blood urea nitrogen was 160 mgm per cent and creatimne 5 7 mgm per cent 
Thirtj-four months after admission blood urea mtrogen was 340 mgm per 
cent and creatimne 20 3 mgm per cent 
Autopsy Autopsy No 215/1924 Autopsy commenced 13 hours after 
death 

Death in uremia Cardiac hj'pcrtrophy Small fresh areas of broncho- 
pneumonia Serous fibnnous pericarditis Serous fibrinous adhesive pleu- 
risy Ascites Arteriosclerosis of the spleen Moderate atheromatosis of 
tile aortic cusp of the mitral v alve, and of the coronary arteries Advanced 
atlierosclcrosis of the aorta 

Each kidney weighed 125 grams The capsule stripped very readily 
The surface was pale grayish in color and finely and coarsely granulated 
Hemorrhages have not been recorded The cortex was much narrowed and 
pale yellowish in color The differentiation of cortax and medulla was 
obv iQus 


ihcroscopic cxamiiiaiton All glomeruli arc more or lus se^crch diseased 
(fig 7) They vary in sire and are often very large hfostlv they are 
very rich in nuclei (fig 8), parUy with increased numbers of endothelial 
cells, partly with accumulation of polymorphonuclear leucocytes Fre- 
quently the tufts arc thickened by protoplasmatic or hyaline masses so that 
UiL lumina cm no more be recognized Most glomeruli are poor in erv thro- 

cytes But single glomeruli or loops arc dilated with blood Sinole t 

menih are necrouc Frequently, the glomeruli contain much fat vhich in 
part IS doubU refracin e 1 he capsular spaces occasionally conbim blood 
Some glomeruli arc adherent to the capsules The capsules are mosU 
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thickened by masses stained reddish yellow by Van Gieson The capsular 
epithelial cells are increased in number in some instances Occasionally one 
finds thick crescents nch m nuclei Many glomeruh are entirely hyalinized 
(fig 7). 

The parenchyma is penetrated by many scars which are nch m coUagenous 
connective tissue and capillaries dilated with blood Round cell infiltra- 
tions are frequent Interstitial xanthoma-like cells have not been found 
The tubules of these regions are in all stages of atrophy and degeneration up 
to entire disappearance Part of them have undergone fatty degeneration 
The better preserved tubules are dilated in part and contam coagulated pro- 
tein, cellular detritus, some casts and desquamated epithelial cells In some 
places they contam also some polymorphonuclear leucocytes Part of their 
epithelial cells contain fat which may be doubly refractive Hyaline-drop- 
let degeneration has not been found 

Some artenoli show a distmct endarteritis Frequently they contain 
fat The larger arteries show a moderate intimal hyperplasia The meduUa 
contains scars nch in collagenous connective tissue and capdlanes dilated 
with blood The medullary tubules are often atrophic or degenerated and 
filled by an exudate similar to that of the cortex 

Anatomical diagnosis Secondary contracted kidneys Chronic glo- 
merulonephntis 

Case 35 Hospital No 5409. M K , female, 14 years Height 149.5 
cm Hemorrhagic Bright's disease Active chrome -f- pneumoma — > ter- 
minal -f- empyema — > exitus 

When 12 years old she had a severe cold followed by albuminuna, edema 
and ascites After 6 weeks these symptoms disappeared but returned one 
month before admission after another cold 

On admission the unne sediment contamed some erythrocytes, a few 
leucocytes and some hyahne and granular casts The eyegrounds were 
normal, also the heart size Wassermaim reaction was negative Blood 
urea mtrogen 27 mgm per cent. Blood creatimne 1 30 mgm per cent 

Three months after admission the patient had atypical pneumoma fol- 
lowed by empyema, both caused by hemolytic streptococci Thoracotomy 
was performed After that the amount of casts increased and the blood 
pressure rose to about 140/105 During the last month blood urea mtro- 
gen rose to 178 mgm. per cent and bood creatimne to 8 0 mgm per cent. 
Death occurred from emaciation and cardiac weakness No autopsy 
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Case 36 Hospital No 51V8 U N , male, 38 years Hemorrhagic 
Bright’s disease Active chronic — > tennmal —* exitus 

Nine months before admission edema appeared and hj-pertension, albu- 
imnuna and hematuria were found 

On admission the unne sediment contamed a few erythrocytes and some 
casts The e>egrounds were normal Chrome tonsiUiDs was found The 
heart was shghtly enlarged Blood urea mtrogen 45 mgm percent Blood 
creabnine 1 71 mgm per cent Basal metabohe rate —4 6 per cent 
five months after admission tonsillectomy was performed Tour months 
later retinal hemorrhages and papillary edema and hypertension appeared 
The unne sediment contained many hyahne, granular, and erythrocyte 
casts and a few doubly refractive bodies Blood urea mtrogen w as 53 mgm 
per cent and blood creatmine 2 33 mgm per cent 

During the next 4 months exudative albuminuric retinitis set m Thir- 
teen months after admission the blood pressure was 216/134, blood urea 
mtrogen 86 mgm per cent and blood crcatinme 4 2f> mgm per cent Plasma 
albumin had now increased to 2 66 per cent The last 3 months before 
death blood urea nitrogen rose to a maximum of IIP mgm per cent, blood 
creatimac to 9 38 mgm per cent The unne sedunent contamed many 
broad granular renal failure casts (Addis, 1925) The death was cardiac in 
tvpc The autopsy showed cardiac hypertrophy, terminal hemorrhagic 
Bright’s disease, and congestion of the organs 

Case 37 Hospital No 5763 G B , male, 56 years Hemorrhagic 
Bright’s disease Chrome actix e terminal — » exitus 

Three months before admission slight edema appeared and the urine was 
found to contain a trace of albumin and a few hyalme cases At the same 
time the systohe blood pressure was found to be 190 mm Blood pressure 
determmations 8, 7 and J years before admission had shown normal 
figures 

On admission the unne sediment contained raanj erythrocytes and some 
Icucocj tes and hyahne, granular and erythrocyte casts The heart size 
was normal Blood urea nitrogen 27 mgm per cent Blood crcatimne 210 
mgm per cent 

Dunng obsenntion the number of granular casts w as increased somerhaL 
Oneweel before death blood urea mtrogen was 300 mgm percent Death 
occurreil in uremia. 

deatir^^^ ^^titopsj No 293/1928 Autopsy commenced 22 hours after 

Dtath m uremia liremic hemorrhages in the intestine Cardiac h>- 
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rtrophy Fresh bronchitis with small bronchopneumomc areas Sero- 
innous pleurisy Serous pencariditis Arteriosclerosis of the spleen 
oderate atheromatdsis of the aortic cusp of the mitral valve, of the coro- 
,ry artenes and of the aorta 

The nght kidney weighed 70, the left 60 grams The capsule stripped 
th difi&culty The kidneys were firm Their surfaces were grayish m 
lor and finely and coarsely granulated Blood dots were not seen The 
rtex was much narrowed and yellowish gray m color It was fairly well 
arked off from the medulla which was striped brown and yellowish 
Mioroscopic examination Nearly all glomeriih are more or less altered 
g 9) One-third of them are entirely hyahmzed Most of the rest are 
usual size, but part are enlarged Most of their tufts are much clotted 
id can no longer be differentiated distinctly (fig 10) Most of them con- 
in few or no erythrocytes Frequently, they contam mcreased numbers of 
iclei N ecroses of the loops are rare In a few glomeruli one finds hemor- 
ages The glomeruli are frequently adherent to the capsules These 
e frequently thickened by masses stained red by Van Gieson In a few 
aces one sees prohferations of the parietal epithehal cells In some m- 
ances one sees even crescents, some of which show spaces filled with blood 
itween the layers But these changes are insignificant in contrast to the 
tracapillary ones Occasionally, the glomeruli contain a httle fat 
The parenchjTna of the kidneys is much destroyed and penetrated by 
ars between which preserved and dilated tubules stand out like islands 
he tubules are found m all stages of atrophy and degeneration Their 
(ithehal cells are mostly flattened and frequently show irregular fatty de- 
neration Hyahne-droplet degeneration cannot be found In the luminh 
the tubules one sees some desquamated epithehal cells, a large amount of 
lagulated protem, and in a few places also polymorphonuclear leucocytes 
The interstitial tissue is often enlarged and nch in collagenous connective 
3sue and capiUanes dilated with blood In some places it contains infil- 
ations of round cells Interstitial hpoid cells cannot be found The 
terioli are mostly well preserved A few shov/ endarteritis A few also 
e hyahmzed and contain fat The larger arteries show an intimal hyper- 
asia 

Anatomical diagnosis Secondary contracted kidneys Chronic glo- 
erulonephritis Secondary arteriosclerosis 

Case 38 Hospital No 5340 E S , female, 31 years Hemorrhagic 
right'' s disease Terminal— > exitus 

The patient has always been subject to sore throat Eleven years before 



I rc 9 0*150 37 Vnalomical dngnosis chronic Klomcruloncphnli'i Clmicil 

tlnunosis terminal licmorrln^ic nephritis 

1 ht loops of all glomeruli arc clotted and can no longer be dilTcrcnlialcd Their nuclei 
art increased in number Some glomeruli arc entirch haalmized The tubules arc in 
all stages of atrophs and degeneration 1 he interstitial tissue is rich in scars ^cnhtr«, 
iron hcmatoulin cosm X60 

I ir 10 Case 17 I or diagnosis see figure 9 

I he loops of tlic glomerulus art clotted with lu aline masses and can no lon^,er 
he diucrcnliated rhej do not contain blood The capsule is thickened In (o) a 
h> uinucd glomerulus Zenkers, iron hcmatowlm cosm X20() 

lie 11 Case 18 \natomical diagnosis chronic glomcruloncphnti«i Clinical 

hemorrhagic nephritis 

1 he glomeruli art greatU enlarged and rich in endothelial celiii and poK morphonuclcar 
leucocMis 1 heir tufts arc clottcil nith haahneand protoplasmic masses and frequtntl) 
adhcriT^ to the cap ules In the glomerular spaces one sees some desquamaltd epithelial 
ccU« Some glomtruU arc cntirtl> hjahnirtd The parcnclivma contains «cars the 
lubul« of uhtch arc in all si-\j»ci of atropha and degent ration lleta\ccn the <cara one 
<ecsisiamuof enlarged tubules the epithelial cells of whichhaat undergone falls tli^tiicra 
tion Tijr arlcnob «how a marked endarteritis («j) Mueller formalin lixation iron 
ncmatox^ iin cosm v(^ 

laT Case IS lordugno^i «cc figure 11 

inc glomcmUis is cnlirkcd and \cr\ nth in tndothchal cells and poUirorpl oruclcar 
icucocvtM Tlic loops art clotted in places and adherent to tht capsule The parietal 
epitnchu cells arc increa«ctl in numKr In fi> necroM of n Imjp The s irroundmg 
romcxiuc u<suc U rich m round celb Mueller fornialm fixaiioa iron hmatox>lir 
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admission she had acute nephritis of one month’s duration Three years 
later edema occurred for the first time, it persisted most of tire time until a 
few months before admission The last year headache and dyspnoea 
appeared 

On admission the urine sediment contained a few erythrocytes, leucocytes 
and hyaline casts The eyegrounds showed fresh hemorrhages and papil- 
lary edema The heart n as increased m size Wassermann reaction was 
negative Blood urea nitrogen 40 mgm per cent Blood creatinine 3 31 
mgm per cent Basal metabolic rate -f 9 7 per cent 

Eleven montlis after admission the casts had practically disappeared from 
the urine, the blood urea nitrogen was 85 mgm per cent and blood creati- 
nine 4 81 mgm per cent 

Twenty-four months after admission the blood urea mtrogen was 3 4 
mgm per cent and blood Creatinine 16 35 mgm per cent Deatli occurred 
m uremia 

Autopsy Autopsy No 277/1927 Autopsy commenced 1 1- hours after 
death 

Death m uremia Uremic hemorrhages in the intestine Cardiac hy- 
pertrophy Fresh bronchitis and obhterative bronchiolitis Fresh sero- 
fibrinous adherent pleurisy of the right cavity Fresh serofibrinous peri- 
carditis Fresh perisplenitis and perihepatitis Advanced arteriosclerosis 
of tlie spledn Advanced atherosclerosis of the abdominal aorta, and of the 
coronary arteries hloderate atlieromatosis of the thoracic aorta and of the 
aortic cusp of the mitral valve 

The right kidney weighed 55, the left 65 grams The capsule stripped 
with difiiculty Both kidneys were firm Their surfaces w'ere very finely 
granulated and grayish m color Small hemorrhages were numerous 
The cortex w^as mucli narrowed, yellowish gray in color and contained fine 
blood dots It w'as not w ell marked ofi from the medulla 

Miooscopic examination All glomeruh arc inoie oi less severely damaged 
(fig 11) They are of varying, frequent^ enormous, size and are m all 
stages of hyahmzation up to entire hyaline change Mostly they are 
veiy 1 ich in nuclei (fig 12), partly of proliferated endothelial cells and partly 
of poljTnorphonuclear leucocytes w'liich are much increased m number 
Their tufts are filled with hyaline or protoplasmatic masses hlost of them 
are poor in blood But, in some instances, they contain capillaries well 
filled w'lth erj throcytes Some glomeruli are necrotic and contain blood 
w’ltlnn tlieir spaces Frequently, the glomeruli contain fat, part of A\hich 
IS doubly refractive In the glomerular spaces one sees also coagulated 
protein The glomeruh are mostly adherent to the capsules The parietal 
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cpiUieliAl cells Tie pirtK intact In other places they arc increased m 
number (fig 12) TrequentU one sees also crescent formations, but these 
changes are insignificant in contrast to the intracapiUarj changes Manj 
glomeruli are entirelv h> ahni^ed 

The parenchjma IS penetrated bj man> scars uhich are rich in collage- 
nous connects e tissue and contain manj round cell infiltrations The\ are 
nch in capillancs dilated with blood, and contain a fair number of calafied 
areas and chains of \antboma-bke bpoid cells (fig 13) Occasionallj one 
secs poUanorphonuclear leucocj tes entering the tubules The tubules of 
tliesc regions are in all stages of atrophy and degeneration up to entire dis- 
appearance Their epithelial cells contain often much fat, part of uhich is 
double refractiec Beftueen the scars small islands of better presen ed 
tubules arc seen, the lumina of nhich contain coagulated protein, some 
desquamated cpithchal cells, some casts, and occasionalK also poljmorpho- 
nuclear leucoce tes 1 he epithelial cells of the ascending loops are in places 
suollen (fig 11) and contain much fat Hjahne droplet degeneration is 
rare and insignificant 

The artenoh show often an endarteritis, partlj of high degree (fig 11), 
and occasionallj necroses of their walls Some artenoh arelnahmred and 
infiltrated with fat The larger artenes show an adaanced intimal hyper- 
plasia and in a few places also calcification Also the medulla contains 
man\ scars nch in round cell infiltrations and capillaries dilated with blood 

Aiialomical dui^itosis Secondarj contracted kidneis Chronic glo- 
mcruloncphntis Secondarj arteriosclerosis 

Case 39 Hospital Xo 6215 H B, male, 32 jears Hemorrhagic 
Bnght's disease Terminal, following 7 \cars latent — ‘ c\itus 

The patient h id had hematuria following caposure in trenches dunng tlie 
war, 10 \ears before admission He had hid edema at that time which 
persisted for fiae montlis He was then told Uiai there was a quantita of 
albumin in his urine 1 he patient had been svmjitom free dunng the follow- 
ing sc\ en \ cars At the end of that penod, or 3 j c irs before admission to 
hospital, he had felt weak He was told then that he had high blood pres- 
sure S) m])toms of headache, nocfuria, and blurring of a ision soon follow ed 
I ive weeks before admission hemorrhage from the gums had occurrctl, also 
a generahred hoda itch 

On admission to hospital, the patient was in uremia Ph\ sical examina- 
tion rcacalcd signs of aahular disease of the heart, and cardiac enlargement 
1 lie hlooil pressure measured 193 mm sasiohcand 124 mm diastolic The 
blood urea N was 13f> mgm per cent, and the plasma XPX 177 mgm per 
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cent The phthalem excretion was but a trace in 2 hours The urine 
contained 2 grams of albumin daily Numerous red blood cells and Addis’ 
failure casts were observed in the sediment 

During the few days that the patient was under observation, uremic 
symptoms became more aggravated Broncho-pneumonia developed and 
hastened death 

Autopsy No 289/1927 Autopsy commenced 17 hours after death 
Death by confluent bronchopneumonia Cardiac hypertrophy Sero- 
fibrinous pleurisy and pericarditis Cartilagenous perisplenitis Old 
healed endocarditis Advanced arteriosclerosis of the spleen Advanced 
atherosclerosis of the coronary arteries Moderate atheromatosis of the 
aortic cusp of the mitral valve and of the aorta 

The kidneys were extremely small The right kidney weighed 50, the 
left 40 grams The capsules stripped with difficulty Both kidneys were 
firm Their surfaces were finely granulated and yellowish gray in color, 
showing a number of small blood dots The cortex in each was much nar- 
rowed and similar in color to the surface The differentiation betv/een cor- 
tex and medulla was indistinct 

Mtaoscopic cxaminalton Neatly all glometuh ate mote ot less diseased 
(fig 14) Many glomeruli are hyalmized and stained yellowish red by Van 
Gieson The others vary in size and are usually poor in blood Only a 
few are well filled with blood The loops of these glomeruli are much 
clotted by protoplasmic and hyaline masses Frequently they show some 
increase in the number of nuclei (fig 15) Most of the glomeruli are adher- 
ent to the capsules, frequently to a large extent Tjqiical necroses of the 
glomeruli have not been seen In the glomerular spaces one finds occasion- 
ally coagulated protein In some instances the capsules are thickened by 
masses stained red by Van Gieson The coveting cells of the tufts as well as 
the pat letal epithelial cells are ft equetitly met eased in nnmbet (fig 15) Typi- 
cal crescents arc not seen 

The parenchyma of the kidneys is penetrated by many large scars which 
aie rich in collagenous connective tissue and capillanes dilated with blood 
Frequently they contain round cell infiltrations The tubules of these 
regions are in all stages of atrophy and degeneration Between the scars 
relatively few islands of better preserved tubules are seen which are dilated 
and filled with coagulated protein, hyaline droplets, some desquamated 
epithelial cells and some pohnnorphonuclear leucocytes Some of their 
epitliehal cells are flattened Others are swollen Occasionally one sees 
signs of regeneration Many hyaline casts are seen within the tubules 
The arterioli show a high degree of endarteritis and occasionally hyahniza- 
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lion of Iheit isalls The larger arlenes show an acKanced intimal h\-per- 
plasia which frequenlh has led to occlusion of the arteries Thc> arc \er> 
rich in elastic and collagenous fibres The tubules of the medulla are partly 
degenerated and are filled with a similar exudate to that of the cortex 
iiialomical diagnosis Secondary contracted kidnexs Chronic glo- 
merulonephritis Secondary arteriosclerosis 

Case -t^ Hospital No 5119 R S, female, 31 tears Hemorrhagic 
Bright’s disca:>e Terminal — » exitus 

Set en j cars before admission the patient had diphtheria A few months 
later edema appeared and albumin and casts w ere found in the urine Dur- 
ing the next 4 tears she had intermittent edema, which reappeared after a 
set ere cold 6 months before admission The last two months nausea and 
vomiting were present 

On admission gingivitis and ptorrhea alteolans are found The urine 
sediment contains a few ert throcy tes and leucoct tes and some ht aline and 
granular casts The evegrounds show papillary edema, hemorrhages, and 
white streaks of degeneration The heart is enlarged Blood urea nitro- 
gen 188 mgm per cent Blood creatinine 4 9 mgm per cent Plasma 
cholesterol 375 mgm per cent Basal met ibolic rate — 21 4 per cent 
Dunng obsertation the patient complained of headache and itching of the 
skin T he blood pressure rose to 190/120 and the blood creatinine to 9 10 
mgm per cent Six months after admission the patient died at home w ith a 
hemiparesis No autopsx 

Case 41 Hospital No 6180 M T , female, 30 tears Jhmorrhagic 
Bright s disease Terminal — » CMlus 

The patient had had set ere headaches 4 1 cars before admission She had 
been told her blood pressure was 170 mm at that time, also that there was 
albumin in her urine After remotal of her tonsils one tear later, her blood 
pressure had fallen to 130 mm One tear prior to admission recurrent 
toniiting all icks had occurred T hese attacks had become more frequent 
during the tear rdcm.i had starlet! two months before admission At 
no time had there been gross hematuria or edema 

On admission ui hospital there was cardiac tnlargtmcnl but no signs of 
valtailar disease Both kidncts were palpable 2 he urine shov cd a quan- 
tilt of albumin Tlic unnart sediment cent lined numerous red blood cells, 
no cists were seen The blood urea N was 44 mgm per cent, ere uinine 
ISrngm percent \P\was78mgm per cent, the plasma cholesterol 300 
mgm per cent The 2 hour return ot phlhalcin was 21 per cent of the 
iimoiinl inirav inousH itijcctc<l 




Fig 13 Case 38 For diagnosis see figure 11 

The interstitial tissue contains a large nest of \anthoma-IiLe lipoid cells The tubules 
have undergone fatty degeneration hlueller-formalin fixation, elastica-Van Gieson 
X200 

Fig 14 Case 39 Anatomical diagnosis chronic glomerulonephritis Clinical 
diagnosis terminal hemorrhagic nephritis 

The tufts of the glomeruli are clotted and frequently adherent to the capsules (a) 
The covering cells of the tufts are increased in number (b) The arterioli show an endar- 
teritis The tubules are atrophic and degenerated in part, and contain desquamated 
epithelial cells, polymorphonuclear leucocytes and coagulated protein Zenkers, iron- 
hematoxylin-eosin X 60 

Fig 15 Case 39 For diagnosis see figure 14 

The loops of the glomerulus are clotted and frequently adherent to the capsule The 
endothelial cells of the glomerulus, the covering cells of the loops, and the parietal epithe- 
lial cells are increased in number In (a) marked endarteritis of the afferent arteriolus 
In the tubules (h) polj'morphonuclear leucocytes and cellular detritus Mueller-formalm 
fixation iron-hematoxylm-eosin X200 

Fig 16 Case 41 Anatomical diagnosis combined chrome glomerulonephritis, 
arterial and arteriolar sclerosis and pyelonephritis Clinical diagnosis terminal hemor- 
rhagic nephritis, plus arteriosclerotic nephritis 

The glomerular spaces art much dilated Many glomeruli are h)fahmzed (a) The 
arteries show an advanced degree of arteriosclerosis (b) Some of the tubules are dilated 
and contain casts and some cellular detritus Mueller-formalm fixation, iron-hematoxy- 
lin-eosm X60 
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Dunng the 7 months that the patient nas under observation, the blood 
urea N increased from 44 mgm to 128 mgm per cent, and the creatmme to 
9 2 mgm per cent The phthalem excretion fell gradualh to 5 per cent 
return of the dj e m 2 hours During the last 4 months the patient vomited 
contmualh and often became semi-comatose Hemorrhages appeared in 
the fundi, and stanptoms of increasing heart failure occurred The patient 
died in uremic coma 

Autopsy Autopsj No 303/1928 Aulopsx commenced 3 hours after 
death 

Uremic hemorrhages in the intcslint Cardiac hj-pertrophi Small 
areas of bronchopneumonia Serous pericarditis Advanced arteriosclero- 
sis of the spleen Advanced atherosclerosis of the coronart arteries 
Moderate atheromatosis of the aortic cusp of the mitral \al\e and of the 
aorta 

Each kidntv weighed aliout 70 grams The capsule stripped easilj 
Both kidnejs were firm The surface was coarscK granulated, showing 
brown red deepenings and jcllowish clexations Ihe cortex was much 
narrowed and could no longer he differentiated from the medulla The 
cut surface was xellowish and mottled red brown In a few places of the 
medulla small abscesses w ere seen containing pale x ellow ish pus (Stapln lo- 
cQCCus aureus, B Brotcus) The mucous membrane of pelxis and ureter 
of both Sides was swollen and contained large hemorrhages Also in the 
bladder a number of small hemorrhages were seen MicroscopicalK these 
organs showed the picture of a fresh hemorrhagic inflammation containing 
Gram positix e cocci 

Microscopic cxanwwlwit Acarh all arlirwh are severely diseased (figs 
16 and 17) TIicx arc rich itt hyaline and, in part, contain fat Manx 
artcrioh show ciidarlcrilis of xarjing degree In these xesscls one finds 
occasional necroses of the lalls as demonstrated bj deeax of the tissue and 
b\ the appearance of material stained bluish bj Gram In the larger arteries 
onesce-> an adxanccd degree of inlimal hyperplasia 

I icry large number of gloiiteriih are enlireh liyaUiiized and manx are 
stained red bx Van Oieson Others are stained x ellow I'h 1 he remaining 
glomeruli are •'ery irregular in size and shorn tufts empty of blood and clotted 
I ith protoplasina and hyaline substances \ fexx seem to be xxcll preserxed 
and filleai xxith blood Occasionallx one sees necroses of the tufts (fig 18) 
Some more sex crclx changed glomeruli ire adhe-six c to the cajisules and con- 
tain fat I he glomerular spaces arc much dilated (fig 16) I rctjucnilx 
one sets eoagulateal protein in these spaces In manx instances, the cap- 
sule-. are tliiikencit bx masses stained re<l bx Van Guson 
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The parenchyma of the kidne3's is penetrated by diffuse scars which are 
nch in collagenous connective tissue and capillaries dilated with blood 
Frequently they contain round cell infiltrations and occasionally calcium 
The tubules of these regions are m all stages of atrophy and degeneration 
up to entire disappearance Their lumina are filled with hyaline casts 
The tubules of the better preserved regions are evtremely dilated and con- 
tain coagulated protein, casts, some desquamated epithelial cells, and, in 
some places, also hemorrhages and polymorphonuclear leucocytes The 
epithelial cells are flattened and some contain fat 

The medulla contains some large areas the centers of which are necrotic 
and filled mainly wnth pol^miorphonuclear leucocytes w’hich are often de- 
generated (fig. 19) These areas are surrounded by 3'oung granulation tis- 
sue The surrounding tissue is much changed Its tubules are degenerated 
and filled b3' many pol3'morphonuclear leucocytes The interstitial tissue, 
here, is edematous and infiltrated b3’- many polymorphonuclear leucocytes 
Frequently one finds hemorrhages 

Anatomical diagnosis Combined pnmar3' and secondary contraction 
kidneys Arterio- and artenolosclerosis Chronic glomerulonephritis 
■^resh hemorrhagic purulent pyelonephritis (Staphylococcus aureus, B 
Proteus) 

Case 42 Hospital No 5755 F F, male, 31 years Hemorrhagic 
Bright' s disease Terminal, following latent— » exitus 

The patient had had gross hematuria, not accompanied by edema, 3 
3'ears prior to admission He had been told that he had Bnght’s disease 
at that time He had had no knowm infection previously Hematuria 
soon subsided and he had felt quite well Apparentl3’’ the disease became 
latent for about 2 3'ears Eight months before admission, however, his feet 
became swollen Four months later daily vomiting attacks had occurred 
One month before admission he had become verx' dyspneic 

On admission the patient was in uremia There w’as pitting edema of 
lower extremities The blood pressure Avas 198 mm systolic, and 104 mm 
diastolic. The blood urea N was 175 mgm percent, the creatmine 15 mgm 
per cent, and the hemoglobin 6 7 volumes per cent O2 capacity A 12 hour 
concentrated specimen of urine revealed an e.\cretion of 1 0 gram of protein, 
1,500,000 red blood cells, 800,000 white blood cells and epithehal cells, and 
54,240 casts, all of which were of the Addis failure t3q)e 

The patient was under obsen'ation but 4 days before death During 
that time the blood urea N increased to 187 mgm per cent, and the creati- 
nine to 16 6 mgm per cent The patient’s death was hastened by broncho- 
pneumonia 
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1 ir 17 C'l'sc 41 I or dnpnosis sec fiirurc 16 

Nt-xiU 'll! Rlomcruh (a) and 'vrlcrioh (/») ire h>almiz«l I he Inr^tr irttncs ‘shou nn 
•\d\’\nce<l jnlinial hvptrplasia The p’\rcnch>ma is pcndntctl b\ difTust. scars Tlic 
rcmaininj, tubules arc dilatcil and contain h>nhnc casts Mutllcr fomiihn fixation, 
elastic! ^ an (»icson XCO 

lie 18 Case 41 I or diagnosis see figure 16 

^.tcrosls of a whole glomerulus I ndarttnlis of llic afTcrcnl arUrioIus (a) Tlic 
surrounding tissue is infiltrated Mth round cells Mueller formalin fixation, iron hema 
lox>lmcosin X20() 

lie 19 Ca»«e4l I or diagnosis sec figure 16 

Turulcnt necrotic area (a) in the medulla The surrounding t»s«ue contains p<jl>mor- 
phonuclcir Icuco^itcs round cells and aoung fihroldasls The tubules art filled avith 
pohmorjihonucUarlcucocjtcs (fi) /tnktrs, mclh\ lent blue cosin y200 

Tir 20 ra*c 42 ^Vnatomical diagnosis chronic glomtfuloncpbntis Clinical 
diagnosis terminal hemorrlngic ntpbntis 

Hie l'K>p< of the glomeruli art almost entUcK clotlid and adherent to the capsules to 
a great extent The capsults arc ihichmcd fn most instances ^mc glomrub arc 
rntircU Inabnued liieparenclis ma is pcnctrateti b\ diffuse «cars the tubules of winch 
are m ail Btaer* of atropbs and degeneration /cnlvtrs iron lumatoxvbn-c<f5in YtJ) 
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Autopsy Autopsy No 268/1926. Autopsy commenced 14 hours after 
death 

Cardiac hypertrophy Confluent bronchopneumonia Serofibrinous ad- 
herent pleurisy Serofibrinous pericarditis Ascites 

The right kidney weighed 110, the left 150 grams The capsule stripped 
with difficulty Both kidneys vere doughy m consistency The surface 
vas shghtl}'^ granulated and mottled yellowish red Blood dots were not 
noted The cortex was similar m color to the surface and well marked off 
from the medulla 

^haoscopic e\aimnaiion All glometuh me scvciely diseased (fig 20) 
Their tufts are almost entirety clotted and are adherent to the capsules to an 
extreme extent (fig 21) Single loops can be recognized only with difficulty 
Some of the glomeruli are empty of blood and consist of protoplasmic and 
hyaline masses Others are necrotic and show hemorrhages in the glo- 
merular spaces In most instances these spaces are missing In a few 
places one sees typical crescents (fig 21) Most of the capsules are con- 
centrically thickened and part are nch in nuclei Many glomeruli are en- 
tirely hyalimzed (fig 20) 

The parenchyma of the kidneys is penetrated by diffuse scars which are 
rich m collagenous connective tissue and capillaries dilated with blood. Fre- 
quentty they contain round cell infiltrations The tubules of these regions 
are in all stages of atrophy and degeneration Between these scars some 
islands of better preserved tubules are seen which are dilated and filled with 
coagulated protein, polymorphonuclear leucocytes and some desquamated 
epithehal cells and casts (source of Addis’ “renal failure casts”). Their 
epithelial cells are frequently flattened 

The arterioh show varying degrees of endarteritis A few are hyalimzed 
The larger arteries show a moderate degree of intimal hyperplasia 

Anatomical diagnosis Secondary contracted kidneys Chrome glomeru- 
lonephritis 

Case 43 Hospital No 4845 A B , male, 7 years Hemonhagic 
Bright’s disease Terminal — ^ exitus 

About 2| years before admission the patient had repeated tonsilhtis, 
and albuminuria was found This disappeared after tonsillectomy (2 years 
before admission), but soon reappeared and had persisted since About 15 
months before admission edema was present for 2 or 3 weeks Three months 
before admission he had a period of vomiting 

On admission the unne sediment contained a few erj’^throcytes, leucocytes 
and granular casts The eyegrounds were normal The heart was not 
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enlarged Wassermatm reaction negaUve Blood urea nitrogen 196 mgm 
per cent Blood creatinine 5 08 mgm per cent 
Uremia was present throughout obsenation The systolic blood pres- 
sure remained about 100 mm The chastohc gradually fell to 40 The blood 
urea nitrogen rose to 692 mgm per cent and creatimne to 16 5 mgm per 
cent Death occurred in uremia No autopsy 

Case 44 Hospital No 4661 M T , female, 25 years Semorrhagtc 
BrtgM’s disease Terminal — > e'litus 

Between 5 and IJ years before admission the patient had 3 attacks of 
pen-tonsdlar abscess After the last attack tonsillectomy was performed 
Two months before admission edema gradually appeared 

On admission the urine sediment contamed many erythrocytes andleuco- 
cy tes, some hyaline, granular, and cellular casts, and a few erythrocyte casts 
The cyegrounds showed papillary edema and exudates and a few hemor- 
rhages The blood pressure was 180/120 The heart enlarged Wasser- 
mann reaction negaUve Blood urea mtrogen 87 mgm per cent 
During the first month of observation the blood pressure fell to 155/100 
and remained at this level for 6 months Tourteen montlis after admission 
It was US/80 At this time the retinitis had also practically disappeared 
Blood urea nitrogen rose slowly, however, and was 208 mgm pet cent 14 
months after admission 

The patient died at home 25 months after admission 

Cose 45 Hospital No 6498 L K , male, 39 years Uemorrhagte 
Brtghl's disease Termmal — ► exitus 

The patient had had a nephrectomy (right) 6 y cars before admission for 
renal calculus Gross hematuria had occurred 4 years later, clearing up 
spontaneously Hematuria again occurred the follow ing y ear, lasting a few 
days The left I idney pelvis had been irngated frequently for a year pre- 
ceding admission Six weeks before admission headaches sLirted These 
were accompanied by blurring of vasion and attacks of vomiting 
On admission the patient was in uremia The blood pressure measured 
105 mm systolic, and 115 mm diastolic The b’ood urea N \ as lOS mgm 
per cent, and the NPN of the plasma was 138 mgm per cent The urine 
sediment contained large numbers of red blood cells and broad Addis failure 
casts The jiroicm excretion in the unne was heavy Only a faint trace of 
phcnolsulphonephthalcin wai, returned in 2 hours 
During tlic month that the patient was under ohservauoa, the blood urea 
N rose to 178 mgm percent niebloodprcssurcrcmaincrltlcv'ated The 
day preceding death the blood creatinine a as 26 4 mg per cent 
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Autopsy Autopsy No 305/1928 Autopsy commenced 1 hour after 
death 

Death in uremia Cardiac hypertrophy Serous fibrinous pericarditis 
Chrome cholehthiasis Advanced atherosclerosis of the aorta 

The nght kidney was missing, also the right ureter (nephrectomy). The 
left kidney weighed 125 grams Its capsule stopped with difficulty The 
surface was finely and coarsely granulated Blood dots were not noted 
On section the kidney showed a dilated pelvis with very little parench 3 Tna 
remainmg Cortex and medulla could not be differentiated They were 
grayish brown m color The left ureter was dilated from the pelvis to the 
ureteral opening m the bladder 

Microscopic examination All glomeruli are more or less diseased Some 
are very large and rich m nuclei Others are hyahmzed Their capillary 
loops are frequently clotted and empty of blood (fig 22) Some contain 
many polymorphonuclear leucocytes Occasionally one sees necroses and 
fibrm in the tufts Most of the glomeruli are adherent to the capsules 
The covering cells of the tufts ai e frequently increased in number and desquamated 
(fig 22) The capsules are concentrically thickened in places by masses 
stamed red by Van Gieson 

The parenchyma is penetrated by many scars which are nch in collage- 
nous connective tissue and capillaries dilated with blood. Frequently one 
sees round cell infiltrations The tubules of these regions are in all stages 
of atrophy and degeneration up to entire disappearance Between the scars 
one sees islands of better preserved tubules, most of which are dilated and 
filled with coagulated protein, casts, relatively many desquamated epithe- 
lial cells, and some polymorphonuclear leucocytes Their epithehal cells 
are swollen and degenerated Hyahne-droplet degeneration is distinct in a 
few' places Occasionally one sees signs of regeneration. 

The artenoli show a moderate endarteritis and, in some places a shght 
hyalmization The larger artenes are m an advanced stage of intimal 
hj'perplasia The tubules of the medulla are dilated and filled with a sixmlar 
exudate to that of the cortex 

Anatomical diagnosis Secondary contracted kidney Chrome glo- 
merulo-nephntis Hydronephrosis Secondary artenosclerosis 

Case 46 Hospital No 5388 B. G , male, 24 years. Hemorrhagic 
Bright’ s disease Terminal exitus 

Seven months before admission the patient had sore throat and bronchitis. 
This was followed by edema and hematuna 

On admission chrome tonsiUitis and pyorrhea alveolans were found. 
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Autopsy Autopsy No 305/1928 Autopsy commenced 1 hour after 
death. 

Death in uremia Cardiac hypertrophy Serous fibrinous pericarditis 
Chronic cholehthiasis Advanced atherosclerosis of the aorta 

The right kidney was missing, also the right ureter (nephrectomy) The 
left kidney weighed 125 grams Its capsule stripped with difficulty The 
surface was finely and coarsely granulated Blood dots were not noted 
On section the kidney showed a dilated pelvis with very little parenchyma 
remaimng Cortex and medulla could not be differentiated They were 
grayish brown in color The left ureter was dilated from the pelvis to the 
ureteral opening in the bladder 

Microscopic examination All glomeitih are more or less diseased Some 
are very large and nch in nuclei Others are hyahmzed Their capillary 
loops are frequently clotted and empty of blood (fig 22) Some contain 
many polymorphonuclear leucocytes Occasionally one sees necroses and 
fibrm in the tufts Most of the glomeruli are adherent to the capsules 
The covering cells of the tufts are frequently increased m number and desquamated 
(fig 22) The capsules are concentrically thickened in places by masses 
stamed red by Van Gieson 

The parenchyma is penetrated by many scars which are rich in collage- 
nous comective tissue and capillaries dilated with blood. Frequently one 
sees round cell infiltrations The tubules of these regions are in all stages 
of atrophy and degeneration up to entire disappearance Between the scars 
one sees islands of better preserved tubules, most of which are dilated and 
filled with coagulated protein, casts, relatively many desquamated epithe- 
lial cells, and some polymorphonuclear leucocytes Their epithehal cells 
are swollen and degenerated Hyaline-droplet degeneration is distinct in a 
few places Occasionally one sees signs of regeneration. 

The arterioh show a moderate endarteritis and, in some places a slight 
hyalimzation. The larger arteries are in an advanced stage of intimal 
hjqierplasia The tubules of the medulla are dilated and filled with a similar 
exudate to that of the cortex 

Anatomical diagnosis Secondary contracted kidney Chrome glo- 
merulo-nephritis Hydronephrosis Secondary artenosclerosis 

Case 46 Hospital No 5388 B G , male, 24 years Eemorrhagic 
Bright’s disease Termmal — > exitus 

Seven months before admission the patienthad sore throat and bronchitis. 
This was follov ed by edema and hematuria 

On admission chronic tonsillitis and pyorrhea alveolaris were found. 
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There was a left dr\" pleurisy and some dullness o-ver the left apex Ko 
rales The urine sediment contained some erythrocytes^ leucocytes and 
h 3 ’aline and granular casts The ej^egrounds v ere normal The blood pres- 
sure was about 120/80, the heart somewhat increased Wassermann reac- 
tion negative Blood urea nitrogen 108 mgm per cent Blood creatinine 
5 77 mgm per cent Basal metabohc rate —18 7 per cent 

Between 3 and 12 months after admission the blood pressure rose to 
146/90, blood urea nitrogen to 462 mgm per cent and blood creatinine to 
30 0 mgm per cent Death occurred in uremia 

This case is of especial inieiest because d lan ils entne observed couise with 
practically normal blood piessiiie 

Case 47 Hospital No 6523 E F , male, 54 years Semorrhagic 
Blight’s disease Terminal -h arteriosclerosis —> exitus 

The patient had been told 3 years before admission that Ins blood pressure 
vas high Six months before admission he had had a collapse while work- 
ing His systolic blood pressure level at that time had been 300 mm 
Dyspnea had continued to become aggravated for six months prior to his 
admission 

Peripheral arteries v ere thickened and tortuous The blood pressure 
was 190/130 There V as cardiac enlargement and moderate edema The 
blood urea N vas 45 mgm per cent, the non-protein nitrogen 70 mgm per 
cent, and the hemoglobin 17 volumes per cent Oo capacit}'" The phthalein 
excretion v as 16 per cent m 2 hours The plasma cholesterol was 195 mgm 
per cent A concentrated specimen of urine revealed an excretion of 
74,000,000 red blood cells, 3,000,000 white blood cells, and epithelial cells, 
and 970,000 casts in 12 hours Of the casts, 12 per cent w'ere of Addis’ 
failure t^’pe The protein excretion in the urine w^as 10 grams per day 
The plasma proteins were normal 

During the subsequent nine months that the patient was under observa- 
tion, the blood pressure remained elevated, the blood urea N varied betw'een 
45 mgm per cent and 200 mgm per cent The phthalein excretion de- 
creased to a trace in 2 hours The protein excretion m the urine decreased 
from 10 grams per da^'^ to 2 grams per day, but red blood cells and casts con- 
tinued to be excreted in large numbers Signs of increasing heart failure 
were present during tlie last five months, fluid accumulated to such an ex- 
tent that it w’as necessary to perform a paracentesis Throughout the last 
month of the patient’s illness, extreme emaciation occurred Theblood urea 
N was 200 mgm per cent dunng the last week of his illness Death oc- 
curred after several hours in coma 
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Uilops\ AtUopsx No aiS/WZO \utop5v commenced 11 hours after 
death 

Ilcatli l)\ cardiac and renal msufiicicncr C irdnc enlargement \s- 
citcs Old adhesn e pericarditis and pleunsj Old healed endocarditis 
Cholelithiasis \d\ anced arteriosclerosis of the spleen \d\ anced athero- 
sclerosis of the aortic cusp of the mitral a aK c, of the coronan artenes and of 
the aorta 

I he nghlhidnci neighed 5a, the left 65 grams Both kidneis were firm 
1 he capsules stripped nith difiiculU The surface nas fiiieK and coarseK 
granulated and jellowish grav in color on a red bronn background In a 
fen places blood dots were seen The cortex was much narrov ed and 
similar in color to the surface Cortex and medulla could not well be 
differentiated 

Microscopic cxaiiiiiialwii 'S carls all glomeruli arc more or less changei! 
ind earv m sire (fig 23) A few are well filled with blood Afost of them 
arc cniptr 11 cir tufts arc ctollcd 'J-tlli protoplasmic and Inahiie massis i» 
Dost iiislancrs (fig 24) Their nuclei appear to he increased in number 
TrequenlK one sees partial necroses of the tufts (fig 24) The afferent 
arlerioli are often dilated with blood flic glomeruli arc adherent to the 
capsules in mane places 1 spccialK in these glomeruli one sees a marl ed 
increi'cm tlicnumberof the coloring cells of thelufLs In some places one 
finds ijpical crescents flic capsular spaces irefrcqucntK dilatctl and con- 
tain coagulated protein, and dcsquamatcrl epithelial cells T he capsules arc 
often tliicl ened AI in\ glomeruli arc entircU heahni/ed and staiiictl \el- 
Inwisli or red b\ A an (ucson The more sexcrcU changed glomeruli con- 
tain much fat, but no Iqioids 

7 / e arteries and arterwU arc sc"crcl\ diseased (fig 25) The media’ laee- 
m the larger irteries is much ihicl ened T heir intimal laser is in as cH- 


\~ince<l St ige of intmial li\ perplasn The - alls oJtU arlcrw’i art 

thici tiled at d I eelimeij Pliex are rieh in lal m manj inst-‘rrcs j'-'-~”c 

places thes shn endarteritis Alam smaller arteries •'re 

1 nc pareiirlnma of the kidneas is pcncinttd hy Iran — - a-* ore 
rich m colhgtnoiis connective tissue ind capilhnes i _ a— IV^ kI 
Ihev lonlaiii round cell infiltntions 1 he tubule, r/ 'ce- '*ar-— are in 
ill sn^(, of iirophv ind degeneration up to r r ^ 

ti cell the srnrs,nhndsoi btlterpre-trvtd lubu*' a-e — - — 

dilated lint epithelial cells arc niosth tljt . 7* • 

co»i(v tout >111 numerous cisls, md m t — „ » „ ^ 

ei’lulanlfisii„s-in,) ,Jns(ji im-lalcpil’c ir _ 
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thehal cells of which are equal in size and do not show karyokinetic figures 
The interstitial tissue of tlie medulla is scarred m some places 

Anatomical diagnosis Combined primary and secondary contracted kid- 
neys Chronic glomerulonephritis Arterio- and arteriolosclerosis Papil- 
lary adenoma 

Case 48 Hospital No 6166 D B , female (colored), 33 years Hemor- 
rhagic Blight's disease Terminal — >• exitus 

From 6 to 3 months before admission edema of the feet was present It 
reappeared one month before admission 

On admission the urine sediment contained many erythrocytes, some leu- 
cocytes, many granular and erythrocyte casts, but no doubly refractive 
bodies Chronic tonsillitis was present The eyegrounds were normal 
The heart was somewhat enlarged Wassermann reaction was negative 
Blood urea nitrogen 103 mgm per cent Blood creatinine 7 31 mgm per 
cent Plasma cholesterol 344 mgm per cent Basal metabolic rate -+-0 3 
per cent 

During observation the urine sediment did not change much except for a 
decrease in the number of erythrocytes The tonsils and adenoids were 
removed 3 months after admission, and the patient was discharged without 
significant change in her outlook Two months later she returned, with 
signs of cardiac failure The standard blood urea clearance had fallen to 
5 per cent of normal — about half its former value Vomiting and twitch- 
ing developed, and failure of vision, the result of an albuminuric retinitis 
Death in uremia occurred 3 weeks after the second admission Autopsy 
V as refused 

Case 49 Hospital No 5760 H G, male, 47 years Hemonhagic 
Blight’s disease Terminal— > exitus 

Six months before admission the patient for a time had frequent vomiting 
The last 3 months before admission headaches were present Five v eeks 
before admission hypertension was found 

After admission vomiting was frequent The urine sediment contained 
many erythrocytes, some leucocytes and many broad granular casts The 
eyegrounds were normal The heart was somewhat enlarged Blood urea 
nitrogen 306 mgm per cent and blood creatinine 13 04 mgm per cent 
During treatment wnth intravenous salt and glucose infusions the uremic 
sjnnptoms soon disappeared, the blood urea nitrogen fell to about 85 mgm 
per cent and the blood creatinine to about 5 mgm per cent The blood 
pressure increased When last seen 3^ months after admission the blood 
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pressure had risen to about 220/115 The patient died at home in uremia 
No autops) 

Case 50 Hospital No 5820 F M , male, 27 > ears Ilcmorrhagsc 
Bright’s disease 1 crminal —r exitus 

For die last 2 y ears before admission the patient had chronic tonsillitis 
I nemontlis before admission he caught a cold, iiith sc\erc cough During 
the ne.at month paleness, dvspnea, tiredness and headaches appeared Ton- 
sillectomy ins then performed Tivo months before admission eye ground 
changes, proteinuria, hematuria and hyiicrtension ii ere found 

On admission the patient v.as droiisy and complained of itching and 
nausea He vomited frequently, and there were occasional nose bleeds 
The unne sediment contained some ery throcy tes, a few Icucocy tes and many 
hyaline and granular casts The left eyeground shows hemorrhage and 
white tvudativc spots The heart was somewhat enlarged Blood urea 
nitrogen 308 mgm per cent Blood creatinine 17 65 mgm per cent 
Plasma diolcsterol 227 mgm per cent 
During the 0 weeks until death Uie signs of uremia increased further 
The blood urea nitrogen rose to a mavimum of 416 mgm per cent, tliecrcat- 
ininc to 25 8 mgm per cent. The blood pressure osallated about 160/105 

Artfrioscifpotic Bpicut’s Disease (Addis) or NEinmoscirRosis 

(VOUIARD AND FAJIr) 

CI SERAI COURSr OF THE DISIASF 

'Die most striking clinical features arc tlic increase in blood pres- 
sure, and the cardiac hvpcrtrophv , plus slight proteinuria 
As pointed out by \olliard ind Fihr (1914) there arc two types of 
the disease, the benign and the malignant 
In lioth forms the first clinical sign is hypertension, and the first 
pathologic il changes appear to be in tlic small arteries 
In the benign form the nature of the disease continues unaltered 
to the end, which usually docs not come until inniiy Vears after the 
first appes-ance of hypertension The symptoms arc almost entirely 
tliosc nttnbutahlc to the areu’atory thanges, and deith eventually 
comes Us mlly from cirmlato’-y rather than renal failure 
In the mahgnnt form a rapid di ere ise m renal function adds itself 
sooner c hti r to the picture, and death follov s ustrllv vuthiii some 
month-, waih ‘■vmptoms of rend failure, to \ h'ch arc frequently 
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added those of cardiac failure Volhard and Fahr (1914) attributed 
the severe nature of these cases to the superposition of glomerular 
inflammation upon arteriolar disease and call it the “Kombinations- 
form ” They consider that the end of the benign stage is marked by 
the development of retinitis 

The material representing arteriosclerotic disease in our series 
(cases 51 to 56) is scanty, particularly m relation to the incidence of 
this condition, which is believed to occur more frequently than other 
forms of renal disease Furthermore our six cases would give one the 
erroneous idea that renal failure is regular in this type of disease 
The reason for both these discrepancies, between our cases and the 
ones ordinarily met showing hypertension plus slight albuminuria, is 
that during the period when our observations were gathered only 
patients with defimte renal disease were admitted to the clinic This 
policy excluded the great majority of arteriosclerotic cases, because 
their renal signs are slight until they approach the terminal stage or 
the malignant development sets in 

Nevertheless these cases illustrate defimte features of the disease 

Case 53 shows the transition from a bemgn to a malignant nephro- 
sclerotic case The patient was admitted with no clinical signs of renal 
failure, normal blood creatinine, and normal eyegrounds Fifty per 
cent of injected phthalein was excreted in two hours Only the blood 
urea clearance, 50 per cent of normal, indicated some decrease in 
renal ability The chmcal symptoms were purely those of hyperten- 
sion, which had been present for eight years Six weeks after admis- 
sion protein excretion, previously only 0 3 to 0 5 gram per 23 hours, 
increased to 4 to 5 grams, and a rapid decrease in blood urea clearance 
and hemoglobin content set in Within a month renal function had 
sunk to practically zero, and death occurred with symptoms combining 
those of uremia and cardiac failure (autopsy findings below) Cases 
54 and 55 also are of the malignant type 

However, the other three cases indicate that dimimshed renal func- 
tion can also occur ultimately m the bemgn, slowly progressing forms of 
the disease Nos 51, 52 and 53 showed the clinical charactenstics of 
the bemgn type, and no 51 at autopsy also showed the anatomical 
characteristics Yet all three showed marked loss of renal function, 
and two of them, nos 51 and 56, died in the hospital with gross nitro- 
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gen retention and the clinical sjmptoms of uremia, added m no 51 
to those of cardiac failure 

Tor explanation of the following charts see p 282, preceding the 
charts of the hemorrhagic cases 

CLINICAL OBSERVATIONS IN CASES OF ARTERIOSCLEROTIC BRIGHT’s 
DISEASE (cases 51 TO 56) 

Blood urea clearance This is low m all cases, a fact which must 
not be accepted as typical of any except the terminal stage of the 
disease, in which all of these patients were Cases 51 and 55 died 
mth sjTnptoms of uremia, w hich, as w e have stated before, are usually 
associated with blood urea clearances below 5 per cent of normal 
Although the diarts do not show it, it is practically certain that at the 
onset of uremia the clearances were down to this level They were 
not dcterimned, but the blood urea nitrogen values, 162, and 181 mgm 
per 100 cc , were such as always accompany such clearances In 
cases 53, 54 and 55, clearances in the neighborhood of 5 per cent w ere 
found, which arc usual in renal deaths It may be concluded that 
renal failure in all these 5 cases cither was the immediate cause of 
death, or was sufficiently sex ere to have produced death in a short 
time, without the assistance of cardiac failure The latter was obvi- 
ously present in 4 of the 6 cases presented 

Ucmaluna A microscopic hematuria is present in 3 of the 6 cases 
Tins presumably is a terminal phenomenon Volhird and Tahr 
(1914) report microscopic hematuria as rare, and Addis (1925, 1928) 
uses the lack, of it to diGercntiatc between the hemorrhagic and 
artenosckrotic types of Bright’s disease 

Blood pressure Hypertensions, sy stohe as high as 200 to 250 mm , 
and diastolic o\cr 120 mm , arc shown b\' all of our cases Again wc 
must recall thu these arc terminal cases, that during most of the long 
course of the disease the blood pressures w ere undoubtedly lower, and 
reached tlicir terminal heights only through increase dunng periods of 
y cars \ olhard and I ahr (1914) report cases with rclatn tly moderate 
hypertensions, such as HO systolic 

I’lasva irc'fjf tor la I In all of these coses the plasma protein 
contents trerc cniucl> normal 

Prete nuria was present m a!! but cxcecde-d 1 gram per doe m 
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only 0 of the si\ In case S3 there w as a marked increase (from 0 2 
to 0 S gram per day to 4 to 5 grams) 'with the onset of terminal malig- 
nant s>'mptoms In case 52 the excretion was from 1 to 3 grams per 
24 hours 

I^ciJia was present in tBo cases, nos 54, and 52 It was obviously 
of cardiac origin 

Anauia was present in five of the six cases, but to a less extensixe 
degree than in the terminal cases of hemorrhagic nephritis In none of 
the sclerotic cases did the oxygen capacitj fall below 10 volumes per 
cent In case 54 a rapid fall occurred from 18 volumes per cent to 10 
during the terminal six w ceks of the disease, when it suddenlj changed 
from benign to malignant 

ANATOVUCAL OEVIiGES OBSERVED IN TERJONAL KErHROSCtEROSIS 

(cases 51, 53 AND 54) 

In arteno- and artcnolosclerosis we distinguish two forms whicli are 
recognized by nearly all investigators In the one form pure arterio- 
sclerotic lesions arc outstanding, that is to say intimal hyperplasia of 
the larger and medium sized arteries and hyalinization and fatty 
degeneration of the artenoh In the other form besides these lesions 
inflammatory changes are found, such as necroses and proliferations 
of the artenoh and glomeruli The first form is called by Tahr (1925) 
benign sdcrosis and coincides with the senile arteriosclerotic kidneys 
of Ziegler The second form Falir calls malignant sclerosis, it cor- 
responds to the genuine contracted kidney s of the literature Whereas, 
perhaps, most wiaters, like Aschoff (1921), believe that the benign 
and malignant forms are only two stages of one and the same disease, 
Tahr (1925) believes that we have to deal wath two diseases Accord- 
ing to Tahr the benign sclerosis is pnmanly a pure artcnosclcrotic 
Ic-ion, whereas in the malignant sclerosis cndartcnlis and necroses 
arc outstanding right from the beginning lie supports Iws theory 
duefly bv the finding that benign sclerosis is mainly found in old age, 
whereas malignant sclerosis occurs betv cen the ages of 30 end 60 

riicrc is no doubt that our three cases v ere true v'ascular contracted 
lldntyn All three slioi cd shrunken, coar'ely granulated Ijdncy;, 
reddish broAA m color Histologically we found extensive In.aliniza 
lion of tlic artenoh and glomcnih, fatty dej cncration of the artenoh 

■W* > A >rj J 
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and extensive intimal Hyperplasia of the large and medium sizet 
arteries. A large number of glomeruli were intact. Furthermore 
the cases showed advanced atherosclerosis in other regions of the body 
and cardiac hypertrophy. 

Case 51 essentially exhibited these lesions. Therefore, we classih 
it with the bemgn sclerosis of Fahr In addition we found increase 
in the number of nuclei and occasional hyaline-droplet degeneration of 
some glomeruli, as well as slight necroses of some arterioli and glo- 
meruli But these changes were only slight. They are regarded b) 
Fahr (1925) as symptoms of decompensation of the benign sclerosi, 
Aschoff (1921) would call this case a transition form from the second 
to the third or terminal stage- It should be noticed that tbs caic 
died in uremia, an outcome believed to be relatively rare in benign 
sclerosis. 

In cases 53 and 54 we found, besides the lesions described above, 
extended inflammatory changes like marked endarteritis, frequent 
necroses of the arteriolar walls and glomeruli, occasional increa'esin 
the number of nuclei, and adhesions of the glomeruli, as irell ai 
occasional increases in the number of the glomerular epithelial cdl' . 
In case 53 there were occasional hemorrhages in the capsular spacfc, 
in case 54 a hyaline-droplet degeneration of some glomeruli. Hoir 
ever, most of the glomeruli w^ere intact. Consequently, both 
represent the malignant sclerosis of Fahr. 

Both cases died in uremia. 


CASE HISTORY ABSTRACTS AND AUTOPSY REPORTS 

bright’s disease) (cases 51 TO 56} 

Case SI. Hospital No. 5775. H. G , female, 43 years 
Bright^ s disease. Termmal — + exitus lo; 

The patient had suffered from headaches and 
10 years before admission. Three years before adnusswu s ^ 
several attacks of vertigo and nausea These had 
and more severe One year before admission she had be® ® 
blood pressure was 190, and six months before admission 2 
that time edema had appeared, blurring of vision had mso 

On admission, Uie heart was found to be enlarged ^ 
was 245 mm. systolic, and 175 mm. diastohc. The ocu w 
arterial tortuosity, arterio-venous compression, and ros 
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1 , The electrocardiogram revealed a left OAis deviation The urine sediment 
” j contained red blood cells and granular casts The protein excretion in the 
_ unne was 2 3 grams dailj The blood urea N was 31 ragm per cent, and 
the plasma NTN 47 mgm per cent The plasma proteins were normal 
The hemoglobin was normal (18 5 volumes per cent 0-) The return of 
Seff phenolsulphoncphthalein in the unne m 2 hours was 43 per cent 

During the month that the patient was under observation evidence of 
cardiac failure appeared The blood pressure remained elevated The 
blood urea N increased to 162 mgm per cent, and the creatinine to 9 mgm 
„ j per cent The patient became comatose two days before death 
^ Autopsy Autopsy No 273/1926 Autopsy commenced 2 hours after 
death 

oltC Death m uremia Cardiac hypertrophy Ulcus ventncuh Advanced 
Jett’* artcnosclerosis of the spleen Advanced atherosclerosis of the coronary 
.,^ 11 ?'' aitencs and aorta 


The nght kidney weighed 110, the left 140 grams The capsule of each 
1 1 i-S" ®*"PPcd easily The surface was coarsely granulated and purplish red in 
color Tith occasional yellowish areas Hemorrhages were not noted The 
t was narrowed and similar in color to the surface The differentiation 

betveen cortex and medulla was indistinct 
Vtcroscopic txamtnalion The artenoh and arteries of the kidneys are 
sretcly diseased (fig 26) The artenoh are hyahnired in most places 
arc cnUrcIy closed The larger arteries show an advanced degree of 
■^^^-^-mtimal hvperplasia and contain calaum At a few places in the artcnal 

one sees ihg/ifmrojcj 

5 -' W(7).v ghmeruh are intact and ucH filled ,ath blood (fig 27) Some glo- 

mcruli are a little enlarged and even show some increase in the number of 
>-udei (fig 27) Some glomeruli contain rehuvely many polymorphonu- 
^^■/acat leucocy ics in their loops Single glomeruli show necro=c» and / yahne- 
'7’'. " ^^S">»ation The glomerular spaces arc wide and mo=Uy empty 

>' Av, , Mc atrophic and parUally byahmzcd, with conctnlncally 

M ' -f 'ckcned npsules Occasionally one secs a slight increase in the number of 
■he panetalcpiUiehal cells From these glomeruli one finds all tiarsiuons 
a / ratirc hyahniwuon Tvpical -ugns of glomcniloncphntis are no vhcrc 




The tubulis are relatively well preserved Some arc enlarged \ few 
^ >'>=‘Ime^ropIci degeneration In the.r lumina one imds coaeuhted 

O^quamated epithelial cells The pareacliyma is pe- 
t ' I ^ nch m collagenous connecUv e tissue and capilDnes 

contain round cellular .nfdintions fhc tuhules 

■ ‘ 7 , "T'ons arc m all stages of atrophy up to entire daaprc-iar,.e 

~ / i 
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Anatomtcal diagnosis Primary contracted kidneys Arteriolo- and 
arteriosclerosis Decomposed bemgn sclerosis of Fahr. 

Case 52 Hospital No 5868. A D , female, 33 years Arteriosclerotic 
Bright's disease Terminal — > exitus 

The patient suffered from headaches for several years Eight months 
before admission hypertension and albuminuria were acadently found 

On admission there was no cardiac decompensation The urine sediment 
contains no erythrocytes, a few leucocytes and granular casts The eye- 
grounds were normal The blood pressure was about 200/135 The heart 
size was markedly increased to the left Wassermann reaction negative 
Blood urea mtrogen 48 mgm per cent. Blood creatimne 2 73 mgm per 
cent 

The blood pressure did not change durmg treatment Patient died at 
home from suddenly developed cardiac failure 4 months after admission 

Case 53 Hospital No 6009 M K , female, 48 years Arteriosclerotic 
Bright’s disease Latent — ^ termmal — > exitus 

Father died of Bnght’s disease with severe hypertension 8 years before 
the patient’s admission Hypertension (190 mm ) was accidentally found 

On admission the urine sediment contained a few erythrocytes, leucocytes 
and hyahne casts The eyegrounds were normal The blood pressure was 
250/190 The heart was slightly enlarged Blood urea mtrogen was 40 
mgm per cent Blood creatimne was 1 78 mgm per cent Blood urea 
clearance was 50 per cent normal 

Two months after admission, the urine albumin increased from 0 5 to 
3 0 gram a day Blood urea clearance had fallen to 28 per cent of normal 
Then weakness and nausea appeared, but no signs of congestive heart fail- 
ure Renal failure casts (Addis, 1925) were found in the urme Pruritus 
developed, then coma, and uremic twitchmg Two days before death the 
blood urea nitrogen was 140 mgm per cent, and the blood creatimne 9 73 
mgm per cent The cause of this rapid development is obscure There 
may have been a cardiac factor The syndrome is like that of mahgnant 
nephrosclerosis, the “Kombmationsform” described by Volhard and Fahr. 

Autopsy Autopsy No 2S2fl927 Autopsy commenced 7 hours after 
death 

Cardiac hypertrophy Fresh obhterative bronchiohtis Serous pleu- 
risy. Serofibrmous pericarditis Cartilagenous perisplemtis Old healed 
endocarditis of the mitral valve Advanced artenosclerosis of the spleen 
Advanced atherosclerosis of the aortic cusp of the xmtral valve, of the coron- 
ary arteries, and of the aorta 
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The kidnc>s weighed about 75 grams each The capsule stopped with 
diDicultv The kidne>-s were firm The surface was brow-rush red and the 
greater part was coarsel> granulated Single blood dots were seen The 
cortex was narrov-cd and reddish and yellowish m color It was poorU 
marked off from tlie medulla 

Mtcrouopic exavunaiton Nearly all arlcrtolt ore more or less diseased 
(Fig 28) Part of them arc closed entirely Most of them are lij ahnized 
Prcqucntlj they contain fat Man> artenoh show endartcnlis of partl> low 
and partly advanced degree In these vessels one finds frequently necroses 
oj the stall (fig 29) as shown by granular degeneration of the tissue, pvcnosis 
and I ar) okinesis of the nuclei, and by the appearance of substances in the 
wall which arc stained bluish by Gram In tlie larger arteries containing 
clastic tissue one secs advanced stages of mtimal hyperplasia 
A large number of glomeruli are intact and well filled with blood Otliers 
are atrophic Many glomeruli show all transitions from beginning to entire 
hyalinization (fig 28) One sees glomeruli the tufts of which are partly 
hyalinired Such tufts appear to be attached to hyahmzed artenoh In 
other glomeruli such transitions cannot be found and the cliief change is 
hyalinization of the loops llyahnization of the capsules is seen only v ith 
advanced stages of glomerular hyalinization In partially hvalinized glo- 
meruli tlicre IS frequently dilatation of the afferent artenoh Frequently 
necrosis of lie tufts occurs, usually located in a single loop and very- rarelv 
affecting an enure glomerulus (fig 30) In sucli glomeruli single or all 
loops may be dilated with blood, and verv few hemorrhages may be seen in 
the glomerular spaces In scv-crcly changed glomeruli one secs occasionally 
adlicsions or a slight increase m tlie number of tlie parietal epithelial cells 
In a few places also a partial increase m the number of nuclei is found Fre- 
qucntlv the glomeruli contain rclativ civ large amounts of fat which often 
IS doublv refractive 

The parenchyana of the kidnevs is penetrated bv many scars which arc 
rich in collagenous connectiv e tissue, and occasionally contain small round 
cell infiltrations The scars arc ricli in capillaries dilated vath blood The 
tubules of these parts arc m all stages of atrophy and degenerauon up to 
entire disappearance Occasionally one finds calcium in tlicsc scirs The 
tubules of the better prcjcrv cd parts arc frcqucntlv dikated In places they 
'ho flattened epithelial cells, hyaline casts, some desquamated epithelial 
cells, and m a few instances also some polyanorphonucltar leucocy tea T he 
cp'tlifhal cells occasionally contain a certain ari'ouiit of fat, some ci v Inch 
is drublv tcfraclive Occasionallv one finds s-ens of rcgcne-ation Flic 
latir-stiti'l i,«suc pf tnc rne-lolla is calargcd iti some places, and rich ia 
colbj.erous conncctuc ti'sue 
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Anatomical diagnosis Pninary contracted kidneys Arteriolo- and ar- 
teriosclerosis Malignant sclerosis of Fahr 

Case 54 Hospital No 5769 J M , male, 51 years Arteriosclerotic 
Bright's disease Terminal — > exitus 

The patient had had two attacks of renal cohc 12 and 8 years before ad- 
mission. After the first attack, he had suffered from headaches He had 
been told at that tune that his blood pressure was 170 During the year pre- 
cedmg admission he had edema of the feet Dyspnea on exertion had oc- 
curred also during that time 

On admission to hospital symptoms of cardiac failure were present, i e , 
edema, respiratory distress, and cyanosis The heart was enlarged to the 
left The blood pressure measured 192 mm systohc and 118 mm diastohc 
An electrocardiogram showed left axis deviation The urine contained 1 5 
gram albumin per hter, many failure casts, and red blood cells The blood 
urea N was 72 5 mgm per cent, the creatimne 7 7 mgm per cent, and the 
plasma NPN 82 mgm per cent The hemoglobin was 12 2 volumes per 
cent O 2 capacity. The plasma alb umi n was 3 15 per cent, and the globuhn 
3 52 per cent A trace of phthalein was excreted in two hours 

Durmg the month that the patient was under observation, the mtrogen 
retention increased, the blood urea N rising to 216 mgm per cent, and the 
creatimne to 16 mgm per cent A concentrated specimen of urine revealed 
by Addis’s count an excretion of 19,000,000 red blood cells, 400,000 failure 
casts, and 1,000,000 white and epithehal cells in 12 hours During the mne 
days before death, the patient lost 12 kgm in weight He was comatose the 
last 5 days 

Autopsy Autopsy No 27ifl926 

We were permitted to do only a partial autopsy This was performed a 
few hours after death 

Each kidney weighed about 100 grams The capsule stripped easily 
The surface was coarsely granulated and browmsh red in color with yellowish 
elevations No blood dots were found The cortex was narrowed and 
similar in color to the surface The differentiation between cortex and 
medulla was indistinct 

Microscopic examination The arterioli and arteries are severely diseased 
(fig 31) Some of them are closed entuely The artenoh are hyahnized 
and contain much fat Many artenoh show endarteritis of varying degree 
(fig 32) Frequently, one finds on these vessels necroses of the walls (fig 
32) as indicated by granular degeneration of the tissue, pycnosis of the 
nuclei and hemorrhages within the walls The larger artenes show an 
advanced intimal hyperplasia and are partly calcified 
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Many glomeruli are entirely hyalinized (fig 31) Others show all tran- 
sitions from beginmng hyahnization, starting in most places m the loops, 
up to entire degeneration The remaining glomeruli are intact m most 
places and well filled with blood In some glomeruli one finds neci osis of 
the loops, a liyahne-di oplet degeiiet ahon, some fat and a partial increase m the 
number of nuclei In severely changed glomeruli one sees occasionally ad- 
hesions and a slight increase in the number of the parietal epithelial cells 
The parench 5 ’-ma is penetrated by scars which are rich in collagenous 
connective tissue and capillaries dilated with blood Frequently one sees 
round cell infiltrations The tubules of these regions are in all stages of 
atrophy and degeneration Some of the better preserved tubules are dilated 
and contain coagulated protein and desquamated epithelial cells Occa- 
sionally one sees fatty degeneration of the epithelial cells The interstitial 
tissue of the medulla is enlarged in places and rich m collagenous connective 
tissue 

Anatomical diagnosis Primary contracted kidneys Arterio- and ar- 
teriolosclerosis Malignant sclerosis of Fahr 

Case 55 Hospital No 4512 E R male, 43 years Aiteiioscleiohc 
Bi ight’s disease Terminal exitus 

Three years before admission a systohe blood pressure of 165 was acci- 
dentally found One year later exhaustion and headaches appeared Seven 
months before admission the patient was examined with the following result, 
blood pressure 232/135, eyes normal, some pyorrhea alveolaris, the urine 
contained a trace of albumin and some hyaline, granular, and waxy casts 
Two-hour phthalein excretion after intramuscular injection w^as 37 5 per 
cent Non-protein N was 30 mgm per cent 

On admission the urine sediment contained a few eiythrocytes and leuco- 
cytes and some hyaline and granular casts The eyegrounds show^ed thin 
arteries and a few small hemorrhages The blood pressure was about 
210/125 The heart was enlarged Wassermann reaction negative Blood 
urea nitrogen 49 mgm pei cent 

During observation the blood urea mtrogen rose to 111 mgm per cent. 
One month after his discharge the patient was admitted to another hospital. 
He w'as then m uremia and died a few days later The blood urea nitrogen 
was tlien 181 mgm percent No autopsy 

Case 56 Hospital No 5136 H S , female, 44 years Arteriosclerotic 
Bright' s disease. Terminal — ^ exitus 

Tw o years before admission nocturia occurred One year later occipital 








"L b-iiA • r- , <, y- - ' A 

i ''fi* •-. S'"l-!‘' f <. r t i.T'’ - i ^ -' t. -- / ' " , / J 

Mi 



Iig30 Ci5c53 1 or diagnosis 'CC fi!,urc 28 „„ ,i,ui«l miI blood (a) lir 

The nlioli:i,IomtrutU5 IS necrotic. '‘' ,ron Scroalosilin co'in 

tulrnks contain mans h> aline casts Mueller lormalm f.aation, mm t eroat 

31 Case 54 Anatomical dmgnosis malignant ‘^Y'faliure^'''""' ' 

artenosclcrolic Driglit’s disease mtli lerniinal cardiac am , f ,1 ^ <ni.allcr ard 

, n>al,nimtiono(manv glomeruli A^ancet mumal 

larger attcncs Hie remaining glomcmli lobulc.. in all s'agcs oi atrojibi 

rears iihicli contain capillaries dilated wltli „.i,„ Asation, c'a 'ici (an 

and degeneration Uouml cell infiltration (e) Mueller lomt-alm fiaation, 

Ciicson XfiO 

lie 32 Case5l I or diagnosis see ti^urc il „ i,.,.rs<lpedatttntisaedntcra 

(a) rimlmiml glomerulus ^b) 

o{ tJ ar 'w'alh (<r) 1 he •^urroundmj; ^cirred m i 

t:on Mueller formihn iix-ilion iron htmaloxum co'm / • 

t tihr^jetl com olutcdtulmIes\Mth flit', ^ c«nc 
1 al cell, I),„„ct stnped scars u.th int,ltnta.rs <;! ''"-li'A' Aid cj -1 C al ce' e 
nUct p!omcrulu< in fi*) i intxet a ten n ^ 
formahn tixition, iron htmalutxln-ct**'*^ ” 

>61 



362 


D D VAN SLYKE ET AL. 


headaches and dyspnea on exertion appeared For the last 2 weeks before 
admission she had vomiting in the morning 

On admission the urine sediment contained nothing patliologic The 
eyegrounds were normal The blood pressure was 238/130 and the heart 
was enlarged Blood urea nitrogen 174 mgm per cent Blood creatinine 
S 70 mgm per cent 

Durmg observation the urine sediment showed only occasional leucocytes 
and single hyaline casts The blood pressure was about 210/115 Blood 
urea nitrogen rose gradually to 297 mgm per cent and creatinine to 11 
mgm per cent Throughout observation she had headaches, and nausea 
with occasional vomiting Fifteen months after admission, when at home, 
she contracted pneumonia and died in coma with convulsions No autopsy 

Non-Hemorehagic Degenerative Bright’s Disease (Addis) or 
Nephrosis (Volhard and Fahr) 

GENERAL COURSE OF THE DISEASE 

Muller (1905) and Volhard and Fahr (1914) have pointed out the 
existence of a type of Bright’s disease distinguished by heavy protein- 
uria, tendency to edema formation, usually massive, and by degenera- 
tive rather than inflammatory changes in the kidneys The disease 
appears to accompany or follow a heterogeneous set of intoxications 
and infections, frequent among which are pregnancy, toxemia, osteo- 
myelitis, syphilis, and tuberculosis In many cases there is no obvious 
etiology the edema begins insidiously and without previously noted 
illness or intoxication Addis (1925) calls these cases "cryptic” and 
Volhard and Fahr term them "genuine ” 

The outstanding constant abnormalities in the blood are a deficit 
of plasma albumin, which is more often than not less than half the 
normal 4 per cent concentration, and an increase of the fat and choles- 
terol contents The work of Starling, Epstein, Govaerts, and Schade 
and Claussen, and Moore and Van Slyke, quoted above in the discus- 
sion of the significance of plasma protein values, has left small room to 
doubt that the plasma albumin deficit is the predisposing factor for 
the development of edema 

The quantitative relationships between the tendency to edema 
formation, the deficit of albumin and total protein in the plasma, and 
the decrease in plasma specific gravity have been outlined in the 
above mentioned discussion 
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Ihe lack of 4 abnormalities that are common in hemorrhagic 
nephritis has been used to differentiate nephrosis from the former 
These arc hematuria, urea retention, hypertension, and anemia all of 
uliich arc common in chronic hemorrhagic nephritis, and maj be 
cntireh absent in nephrosis Howeter, of the four, hcmaliina and 
hypertension are the onl) ones \ic haec found uniformly absent in our 
senes of nephrosis cases 

With regard to nitrogen retention and ultimate uremia, data in the 
literature differ Volhard and Tahr (1914) observed nitrogen reten- 
tion rarelj , and apparenth considered it unlikelv to become senous 
lhc> had not seen a death attributable pnmaril> to renal failure 
Addis on the other hand (1925) remarks “rhe disease ma\ pass 
through actiac and latent stages to complete rccoecra , or maj grad- 
ua!l\ progress to a termination in uremia ” Of our 10 eases t'\ o has e 
progressed to final uremia with urea retention (nos 65 and 66) 
rurthcrmorc it seems safe to predict that such an outcome is probable 
in two others, cases 61 and 64, which for two sears haee shown in 
general a downwards tcndence in their renal function, as measured 
the blood urea clearance \ olhatd and Tahr found part of the glo- 
meruli altered in cases winch fhc\ autopsied It is not strange that 
the damage should in time proceed far enough to result in uremia 
Our liala indicate that the process ma\ be slow On the other hand, 
in ease 66 the entire apparent duration of the disease to uremia was 
onh a tear and ,i hilf The absence of cMdciicc of inflammatorj 
processes in this case w as demonstrateel b\ autopss 
Anemia likewise is b\ no means uniformK absent in nephrosis 
Considering the malnuiniion that apjiears to be inherent in the 
disease, and the frequence with which the patients suffer from obsti- 
nate inieciions, the occurrence of anemia is not surprising, e\en wliin it 
cm not be lUnbultil to the effect of toaic retention Ihe effect of 
mtircurrcnt infections appears to be illustrated bs e,ise 61 J he 
hi moglobiii from a full normal \ due, fell ifter sciiticemia andplmrise 
succeeding one another, to 40 per cent Ihereiflerit grtdualK rose 
acain rnehingbOiiercenl will in a month and uUiniatth KK) per ee,u, 
despite the faet the renal dise isi, eMiwUeateel b% blood t<n,i eh at nue 
and aliiuminuria hid inogrc-sid lailw iliaii iiip'oeed our 10 
e isrs oah ’ m fact coiisisteniU stioe e-d lumojobm ealut' a!»oii bO 
per u at of Haldinr < aaera^e i ormd slaivl'rd 
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In the latent form of hemorrhagic nephritis, and less frequently in 
the chronic active stage of hemorrhagic nephritis, hematuria and 
hypertension, mentioned as characteristically absent in nephrosis, 
may be lacking, or very slight As mentioned in discussion of these 
stages of hemorrhagic nephritis, differential diagnosis from nephrosis 
may be difficult unless there is a history of acute hemorrhagic onset 
In the latent hemorrhagic disease the plasma protein deficit and 
albuminuria are likel}?^ to be less marked, however, than in nephrosis, 
and if the primarily hemorrhagic case is watched it is likely either to 
make a rather rapid recovery (which is not frequent in nephrosis), 
or else if the disease progresses to the terminal stage, to show a return 
of hematuria and develop a hypertension, as in case 23a 
For explanation of the following charts see page 282 preceding the 
charts of tlie hemorrhagic cases 

CLINICAL OBSERVATIONS IN CASES OF DEGENERATI\rE BRIGHt’S DISEASE 

(cases 57 to 66) 

Urea exociing power. In onl}^ 2, nos 57 and 59, of our 10 cases, 
was the blood urea clearance up to normal throughout the course of 
observation In these two there were periods when the urea excretion 
was indeed hypernormal, a phenomenon elsewhere met only in cases 
recovering from acute hemorrhagic nephritis 
In 8 cases (nos 58, 60, 61 and 62 to 66), there was definite fall in 
blood urea clearance, apparently temporary in case 58 (disease attrib- 
uted to salvarsan poisoning), but shovang a tendency to remain or 
progress in the others 

In 3 cases (nos 63, 65 and 66) the blood urea clearance before death 
fell to the uremic level, and cases 65 and 66 died tj’pical renal deaths 
Case 66 at autopsy proved to be amyloid nephrosis, mth extensive 
glomerular damage For no 65 autopsy was refused 
Hematuria was consistently absent m all of our cases, except for 
single examinations during 2 years in case 64 
Blood pressu) c There was no hjqiertension in any case throughout 
the observed course of the disease The only exception is a single 
observation of 154/98 on case 62 immediately after admission, which 
may probably be disregarded In case 63 mth tuberculosis and 
asthenia tlie pressure was abnormally low. 
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In the latent form of hemorrhagic nephritis, and less frequently in 
the chronic active stage of hemorrhagic nephritis, hematuria and 
hypertension, mentioned as characteristically absent in nephrosis, 
may be lacking, or very slight As mentioned in discussion of these 
stages of hemorrhagic nephritis, differential diagnosis from nephrosis 
may be difficult unless there is a history of acute hemorrhagic onset 
In the latent hemorrhagic disease the plasma protein deficit and 
albuminuria are likely to be less marked, however, than in nephrosis, 
and if the primarily hemorrhagic case is watched it is likely either to 
make a rather rapid recovery (which is not frequent in nephrosis), 
or else if the disease progresses to the terminal stage, to show a return 
of hematuria and develop a hypertension, as in case 23a 
For explanation of the following charts see page 282 preceding the 
charts of the hemorrhagic cases 

CLINICAL OBSERVATIONS IN CASES OE DEGENERATIVE BRIGHT’ S DISEASE 

(cases 57 to 66) 

Uiea excreting powey In only 2, nos 57 and 59, of our 10 cases, 
was the blood urea clearance up to normal throughout the course of 
observation In these two there were periods when the urea excretion 
was indeed hypernormal, a phenomenon elsewhere met only in cases 
recovering from acute hemorrhagic nephritis. 

In 8 cases (nos 58, 60, 61 and 62 to 66), there was definite fall in 
blood urea clearance, apparently temporary in case 58 (disease attrib- 
uted to salvarsan poisoning), but showing a tendency to remain or 
progress in the others 

In 3 cases (nos 63, 65 and 66) the blood urea clearance before death 
fell to the uremic level, and cases 65 and 66 died typical renal deaths 
Case 66 at autopsy proved to be amyloid nephrosis, with extensive 
glomerular damage For no 65 autopsy was refused 
Eematnna was consistently absent in all of our cases, except for 
single examinations during 2 years in case 64 
Blood prcsst(7 e There was no hypertension in any case throughout 
the observed course of the disease The only exception is a single 
observation of 154/98 on case 62 immediately after admission, which 
may probably be disregarded In case 63 with tuberculosis and 
asthenia the pressure was abnormally low 



COURSE OF BRIGHT’S DISEASE 


365 





ClIVRTs S7-«) 

















366 


D D VAN SLYKE ET AL 


Plasma protem concenh ahon Of all the chemical examinations in 
nephrosis that of the plasma protein concentration is of first interest, 
because the albumin deficit is so closely related to the tendency to 
edema which is the disabling factor of the disease 

In every one of our cases the plasma albumin content was below 
2 5 per cent on admission, and total proteins were below 5 5 per cent, 
usually below 5 0 

The cases are arranged, as in the previous groups, in order with those 
of apparently most favorable clinical outcome, m so far as the disease is 
concerned, first m the series 

The first 3 cases are the only ones that showed definite and signifi- 
cant rises in total protein and albumin content during the course of 
observation Of these no 57 made an apparently complete recovery 
and returned to the normal activities of a boy of his age His plasma 
proteins returned completely to normal level 2 years after observation 
was begun, and 2 and f years after symptoms of the disease were first 
noted Case 58 left the hospital subjectively well, and apparently on 
the road to ultimate recovery Case 59, of 16 years duration, im- 
proved in 1 year from a condition of complete helplessness to one in 
which he could walk indoors and out and begin to renew relatively 
sedentary activities During this period of improvement the plasma 
albumin rose from 0 9 to 2 8 per cent, passing the critical level previ- 
ously discussed, and edema became relatively manageable There 
was a fall in plasma albumin and some increase in edema during a 
period of a month’s absence from the hospital The streptococcus 
infection terminated a case which had begun to arouse hopes of a cure 
like that of no 57 

In none of the other cases (nos 60 to 65 inclusive) did the plasma 
albumin rise above 2 5 per cent, and in none of them was there a 
permanent disappearance of the edema 

No 66 represents an exception among pure degenerative cases, m 
that the edema was never severe Even without treatment it had 
increased the body weight only by a few pounds The subjective 
symptoms were those of a terminal hemorrhagic case rather than those 
usually typical of nephrosis In accordance with these observations 
there was found a uremic nitrogen retention, but only a moderate 
plasma protem deficit, the albumin being 3 per cent and the total 5 5 
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The case was diagnosed nevertheless as nephrosis because of the 
consistently low blood pressure and the absence of microscopic hema- 
turia Autopsy showed a typical amyloid nephrosis 

The relatively moderate albumin deficit is not charactenstic of 
amyloid nephroses they usually show deficits equal to those of hpoid 
nephrosis Case 63 for example, showed the usual marked deficit 
No 66, however, demonstrates that it is possible for exceptional pure 
degenerative Bright’s disease, at least of the amyloid type, to occur 
with only moderate plasma protein loss and edema 

Proleimina was marked in all cases, the output varying from 2 grams 
per day to over 20 grams 

Edema was present in all cases, except no 66, in which the plasma 
albumin was relatively high Elimination of edema in cases 57, 58, 59 
and 64 occurred under the combined effect of treatment and increase 
of plasma albumin In cases 60, 61 and 62 edema diminished or 
disappeared temporarily under the influence of treatment without 
increase in plasma albumin 

The data regarding anemta have already been sufficiently discussed 
above 

ANATOMICAL CHANGES OBSERVED IN DEGENERATIVE BRIGHT’S DISEASE 

(cases 59, 63, AND 66) 

Nephroses include, according to Fahr (1925), all primary degenera- 
tive diseases of the kidneys which attack the glomeruli and the tubules, 
but not those which attack the vascular system Fahr separates from 
the plain nephroses a group in which, besides degenerative lesions, 
infiltrative changes occur, which, according to him, are due to disturb- 
ances in metabolism This group he called the definitely characterized 
nephroses, and classifies with them the so-called hpoid and amyloid 
nephroses Aschoff (1921), on the contrary, does not believe that 
these two diseases are of the same nature, but ascribes amyloid 
nephrosis, which he calls amyloid infiltration, to nephrodystrophies, 
and hpoid nephrosis to inflammations of the kidneys, calling it tubular 
nephritis Aschoff (1913, 1917) also objects to the term nephrosis 
and logically argues that this term should be replaced by “nephrodys- 
trophia” or “nephropathia ” If here, nevertheless, we use the term, 
nephrosis, it is because it is generally accepted by clinicians, and 
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especially because no agreement has yet been reached concerning the 
nature of this disease For similar reasons ive also discuss here the 
amyloid and lipoid forms together, because they resemble each other 
in many respects, not only clinically, but also anatomically 
Lipotd nephrosis Case 59 has been reported in detail elseuhere 
(Ehricli, 1929) Here we shall, however, discuss it briefly Macro- 
scopically, we found large white kidneys without visible blood dots 
Histologically, an intense fatty and hyaline-droplet degeneration of 
the epithelial cells was outstanding, in comparison W’lth which all other 
changes w ere insignificant There was indeed marked scar formation 
and hyaliinration of half of the glomeruli But most of the preserved 
glomeruli w ere intact Only in a few glomeruli increased numbers of 
nuclei were seen But this increase was not out of proportion to the 
size of the glomeruli In some hyalimzcd glomeruli there wxrc slight 
proliferations of the parietal epithelial cells All these lesions are 
found, according to Fahr (1918, 1922) and others, more frequently m 
advanced cases of lipoid nephrosis Furthermore, if we take into 
consideration the clinical observations, there can be no doubt of the 
diagnosis “genuine lipoid nephrosis ” 

Of special interest w'as the fact, that, in spite of a duration of about 
17 years, no shrinkage of the kidnevs had occurred Whereas Fahr 
(1925) and others believe that lipoid nephrosis leads to contracted 
kidneys, Aschoff (1913) and others express doubt That amvloid 
nephrosis may lead to contracted kidnevs is no wonder, if we take into 
consideration the great destruction of glomeruli, which is generally^ 
assumed to lead to contraction However, in lipoid nephrosis, the 
conditions are quite different Here, the glomeruli are much less 
diseased and there is no extensive destruction of them There appears 
to be in the literature no case of contracted kidnev which can with 
certainty be ascribed to pure hpoid nephrosis (Clinch, 1929) Our 
case, which seems to be the only genuine one of such long duration 
observed, shows that prolonged hpoid nephrosis docs not ntcessanly 
lead to contracted kidneys 

Amyloid nephrosis Whereas hpoid nephrosis is onlv rarely ob- 
serv ed m autopsv , amy loid nephrosis occurs frequently Concerning 
its morphological course Volhard and Fahr (1914) have distinguished 
three stages and Fahr later on (1925) four stages, for the purjiose of 
facilitating description 
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Case 63 showed lesions characteristic of the second stage Besides 
amyloid infiltration, severe degenerative changes were found Both 
kidneys were very large The glomeruli still contained many loops 
filled with blood A slight scar formation was present The changes 
of the tubules were essentially the same as those in hpoid nephrosis 

Case 66 we ascribed to the third stage, because a marked scar forma- 
tion had already developed and because the amyloid no longer gave 
the iodine sulfuric acid reaction, whereas the methyl violet reaction in 
part was still positive The glomeruli were greatly infiltrated with 
amyloid Most of the glomeruli contained no erythrocytes The 
destruction of the glomeruli and arterioh was so extensive that a renal 
insufiiciency and uremia developed The tubules were in the stage of 
advanced atrophy, whereas fatty and hyaline-droplet degeneration 
were insignificant 

Our cases of amyloid nephrosis were of special interest also from the 
etiological point of view Whereas the amyloidosis of case 64, as so 
frequently occurs, was due to tuberculosis, in case 66, m spite of 
thorough examination, no visible cause could be found Examination 
of the bones at autopsy was not permitted But, because no clinical 
symptoms were present, we believe we can exclude a bone disease with 
certainty. Nor can the old healed endocarditis, which was found in 
this case, be held responsible for the amyloidosis We have to place 
this case, with a number of others reported in the literature (cf Fahr, 
1925), in the group of unknown etiology 

CASE HISTORY ABSTRACTS AND AUTOPSY REPORTS DEGENERATIVE 
bright’s DISEASE (cASES 57 TO 66) 

Case 57 Hospital No 4616 B S, male, 11 years Degenerative 
Bright’s disease Progressing to ewe 

Ten months before admission the patient had sore throat Three weeks 
later he had swelling of face and neck, and albuminuria was found Spent 6 
weeks in Bronx ville hospital, then 4 months m bed at home Then returned 
to school Swelling of face increased There were no constitutional symp- 
toms nor hematuria 

On admission tonsils and adenoids w^ere found enlarged Heart was 
slightly enlarged, without Valvular disease Blood pressure was 95/70 
There was swelling of face and ankles The urine contained 4 grams of 
albumin per liter, a few epithelial cells, granular casts, hyaline casts, and 
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while cells Vei>' lew red cells w ere (ound on 2 occasions in first 3 w eeks 
Edema quickly cleared up Diseased tonsils and adenoids were remoaed 
Edema tended to recur, and was combatted with urea administration, which 
he continued to take at home, 3 months after admission Returned to 
hospital 16 months alter first admission w ith massive general edema WTiile 
patient was under observation catarrhal otitis media developed At the 
same time the edema disappeared, and albuminuria del reased Two months 
later onlj faint traces of albumin remained Subsequent observations 
showed the unne free of albumin and cellular elements 

Case 5S Hospital No 5644 T O , male, 24 > ears Degenerative 
Bright’s disease Sj^philis 

Since the age of 18 the patient has had chronic periostitis of both tibiae 
A ++++ Wassermann reaction was found, and several treatments with 
saUarsan and mercurj were given with good effect Eight to 9 months 
before admission, during such treatment, edema appeared Four months 
before admission a gangrenous appendix was removed 

On admission a typical luetic tibial periostitis and signs of a previous 
keratitis were found The urine sediment contained no erj’llirocytes, 
some leucocj tea and double refracting bodies, and many hyaline and granu- 
lar casts The c>egrounds, blood pressure, ahd heart size were normal 
Wassermann reaction negative Blood urea nitrogen 45 mgm pet cent 
Blood creatinine 1 71 mgm per cent 

T he plasma albumin incrixised to 2 % per cent and ctlema gradually 
disappeared Since 16 months after admission the patient had been doing 
a full day's work and eating an ordinary diet The Wassermann reaction 
IS still negatix c The sediment still contains a few h\ aline and granular 
casts 

Case 59 Hospital No 6184 hi M , male, 17 to 18 tears Degenera- 
tive Bright's disease of 17 years’ duration — + exit us 

The jiatient was apparently well at birth At age 16 months onset of 
present illness occurred with facial cilemn and albuminuria For 14 y'cars 
he was on a loi protein and salt-free diet and continued to excrete large 
amounts of alhunun He has hid recurrent vltacls of cilema even two 
tears lasting 2 to 3 weeks until the present attack, which had its onset 2 
tear- and 5 months before admission He was trevtcd for this with high 
protein diet, tonsillcetomt and set era! tooth extractions Owing to edema 
and lime in bc<l, severe conltacUire^ of posterior muscle groups of both legs 
werr present 
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On admission he %^as pale, edema of evtrenuties was pronounced, he had 
marked ascites, several badly decayed teeth, and distinct anemia (hemoglo- 
11 6 volume per cent O 2 ) Cholesterol was 272 mgm per cent, plasma 
albumin was only 0 9 per cent, globulin 3 39 per cent The unne sediment 
contained many hyaline and granular casts, occasional red blood cells Al- 
bumin excretion m urine averaged 6 to 9 grams per da}" The blood pres- 
sure was 108/78 Renal function was slightly subnormal 

Over a course of 9 months the patient was on a lugh protein and salt- 
free diet During this time most of the edema disappeared, and the con- 
tractions of legs -were reduced to extent that he could walk unaided The 
albumin rose to 2 S per cent, globulin remamed about the same level at 3 2 
The plasma cholesterol fell to 187 mgm per cent During the entire course 
under observation the blood pressure remained low 

Patient was readmitted after one month because of shght increase of 
edema of legs and puffiness about the eyes Subjectively well Two weeks 

later the onset of general peritonitis (hemolytic streptococcus) was marked 
by a chill, a rise of temperature to 105^^, and abdominal pain December 2, 
1928, death occurred from general peritonitis 
Autopsy Autops}" No 311/1928 We were only permitted to do a par- 
tial autopsy, limited to the kidneys This was performed about 2 hours 
after death 

Each kidney weighed about 300 grams The capsule stripped easily 
The surface u as pale yellowish in color and smooth, with indications of fine 
light xnolet shadings Blood dots could not be found On cross section 
(fig 33) the cortex was much enlarged, measuring from 9 to 20 mm It was 
pale yellow ish in color and contained fine radiate hght violet stripes The 
cortex was fairly w'eU marked off from the medulla In the pelvis a few 
hemorrhages w^ere seen 

Microscopic eyamimtion The cortex contains stripes and patches of 
enlarged tubules (fig 34) the character of which as convoluted tubules is 
still distinct in many places In places these tubules are lined by much 
swollen epithelial cells that have undergone fatty or vacmhc degeneration (fig 
35) closing the tubules partly or entirely In places the latter are hned by 
epithehal cells/ar gone in hyahne-di optet degeneration. The epithehal cells, 
mainly of these degenerated tubules, frequently contain pycnotic nuclei or 
have lost nuclei entirely In many instances the epithehal cells are des- 
quamated In such places one finds signs of regeneration (fig 36) Gaps 
in the epithelial layer are covered by endothehum-like epithehal cells, some 
of which contain karyokinetic figures In the basal parts of the epithehal 
cells one sees nearly everywhere fine-grained fat (fig. 35) wihich mostly is 
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On admission he was pale, edema of extremities was pronounced, he had 
marked ascites, several badly decayed teeth, and distinct anemia (hemoglo- 
bin 11 6 volume per cent O 2 ) Cholesterol was 272 mgm per cent, plasma 
albumin was only 0 9 per cent, globulin 3 39 per cent The urine sediment 
contained many hyaline and granular casts, occasional red blood cells Al- 
bumin excretion m urine averaged 6 to 9 grams per day The blood pres- 
sure was 108/78 Renal function was slightly subnormal 

Over a course of 9 months the patient was on a high protein and salt- 
free diet During this time most of the edema disappeared, and the con- 
tractions of legs were reduced to extent that he could walk unaided The 
albumin rose to 2 8 per cent, globulin remained about the same level at 3 2 
The plasma cholesterol fell to 187 mgm per cent During the entire course 
under observation the blood pressure remained low 

Patient was readmitted after one month because of slight increase of 
edema of legs and puffiness about tile eyes Subjectively well Two weeks 
later the onset of general peritonitis (hemolytic streptococcus) was marked 
by a chill, a rise of temperature to 105°, and abdominal pain December 2, 
1928, death occurred from general pentomtis 
Aiitopsy Autopsy No 311/1928 We were only permitted to do a par- 
tial autopsy, limited to the kidneys This was performed about 2 hours 
after death 

Each kidney weighed about 300 grams The capsule stripped easily 
The surface was pale yellowish in color and smooth, with indications of fine 
light violet shadings Blood dots could not be found On cross section 
(fig 33) the cortex was much enlarged, measuring from 9 to 20 mm It was 
pale yellowish in color and contained fine radiate light violet stripes The 
cortex was fairly well marked off from the medulla In the pelvis a few 
hemorrhages were seen 

Microscopic exammaiion The cortex contains stripes and patches of 
enlarged tubules (fig 34) the character of which as convoluted tubules is 
still distinct in many places In places these tubules are lined by much 
swollen epithelial cells that have undergone fatty or vacuolic degeneration (fig 
35) closing the tubules partly or entirely In places the latter are lined by 
epithehal cells far gone in hyaline-di oplet degeneration The epithelial cells, 
mainly of these degenerated tubules, frequently contain pycnotic nuclei or 
have lost nuclei entirely In many instances the epithelial cells are des- 
quamated In such places one finds signs of regeneration (fig 36) Gaps 
in the epithelial layer are covered by endothelium-like epithehal cells, some 
of which contain karyokinetic figures ' In the basal parts of the epithehal 
cells one sees nearly everywhere fine-grained fat (fig 35) which mostly is 
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1 K CasLoO 1 ordla^nosls»stt figure i 

\ inlhoma like lipdid cells m the mtersliUal li’^sui 1 tll> dei,cnention of the con 
voluted tuhulcs, in the lumina of evliich one sets desquamated cpithelnl cells and |>ol\ 
niondionuelcar leucoc>tts Mueller formalin fixation, Sudan III liematowlin y^lOO 
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doubly refractive Withm the lumina of the tubules one finds coagulated 
protein, some desquamated epithelial cells, and m some places also poly- 
morphonuclear leucocy tes (figs 35 and 36) The minor parts of the tubules 
contain fairly large numbers of casts which mcrease m number towards the 
medulla The interstitial tissue of these parts of the cortev appears to be 
normal in most places 

In other parts of the cortex, the interstitial tissue is frequentlv enlarged 
and contains increased collagenous connective tissue In places there are 
small round cell infiltrations, some of which are adjacent to hvalimzed glo- 
meruli In other places, the interstitial tissue is swollen and penetrated 
by polyanorphonuclear leucocytes which frequently enter the tubules 
Everywhere in the interstitial tissue of these parts of the cortex one finds 
large, xanthoma-like cells, which are stained yellowish by Sudan (fig 35), 
and which are doubly refractive The tubules of the scarred parts are m 
all stages of atrophy and degeneration up to entire disappearance T’leir 
epithelial cells are much more desquamated than those of other parts of me 
cortex They frequently contain a large amount of fat which is verv irregu 
larly arranged Occasionally one sees signs of regeneration In some place-' 
one finds calcified casts 

Half of Ike glomcruh arc 'oicll preserved (fig 34), partly of normal size ami 
parih' enlarged The enlarged glomeruli contain increased numbers ol 
nuclei, but the increase is proportional to the size of the glomeruli In a few 
p aces one finds small accumulations of endothelial cells m a single tuft 
c tufts of the w ell preserv ed glomeruli are delicate and mostlv w ell filled 
''it blood Occasionally , the capsule spaces are dilated and contain coagu 
itc protein There is little fat to be found in the cov ering cells of the 
g omeruli Nowhere in these glomeruli does one see tvpical mflammatorv 


1 C olher half of Ike glomeruli arc tn all stages of Inaltiic degeneratum 
n some otherwise well preserv-ed glomeruli the capsules are conccntncallv 
uc ened Other glomeruli contain hvalimzed tufts, especiallv at the en- 
ranccs of tlic vessels, occasionally the tufts are adherent to the capsules 
^ glomeruli show a slight proliferation of the parietal epithelial 
s, ut nowhere crescent formations About one-third of the glomeruli 
re entirclv hvalimzed and are sharplv separated from their surroundings 
e medulla is nch in collagenous connective tissue, which is swollen in 
ceh*"*^ t'"' some polvanorphonuclcar leucoev tes and swollen round 

^ s n the tubules of the medulla numerous casts are seen, and in one 
ace a so some ery throev tes The artenoh arc w ell preserv cd The larger 
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Fig 36 Case 59 For diagnosis sec figure 33 

Regeneration in a gap of the epithelial layer {a) In the lumina of the tubules coagulated 
protein and some polymorphonuclear leucocytes (5) Mueller-formalin fixation, iron- 
hematoxyhn-eosin XI 60 

Fig 37 Case 63 Anatomical diagnosis amyloid nephrosis, State II Clinical 
diagnosis non-hemorrhagic degenerative Bright’s disease and tuberculosis 

Slarked amyloidosis of the glomeruli and artcrioli (a) Fatty and hyaline-droplet 
degeneration of the convoluted tubules Mueller-formalin fixation, iron-hemato\ylin- 
eosin X60 

Fig 38 Case 63 For diagnosis see figure 37 

Extensive hyaline-droplet degeneration of some tubules Mueller-formalin fixation, 
Gram X200 

Fig 39 Case 66 Anatormcal diagnosis amyloid nephrosis Stage III Clinical 
diagnosis non-hemorrhagic degenerative Bright’s disease with renal failure 

Extensive diffuse amyloidosis of the glomeruli, arterioli, and arteries Scar formation 
below the capsule with round-cellular infiltrations Atrophy and degeneration of the 
tubules with numerous casts Mueller-formalin fixation, iron-hcmatoxyhn-eosin XOO 
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arteries show a moderate degree of mtimal hyperplasia AU amyloid re- 
actions are negative 

Analomtcal dtagimts Lipoid nephrosis ‘ 

Case 60 Hospital No 51S9 M R , male, 30 years Degenerative 
Bright’s disease 

Sixteen months before admission edema and albummuria appeared and 
have remained since then 

On admission the urine sediment congamed no erythrocytes but some 
hyahne and granular casts The eyegrounds, blood pressure and heart 
size tv ere normal Wassermann reaction was negative Plasma globulin is 
2 62 per cent, alburmn 2 17 per cent, blood urea nitrogen 19 mgm per cent, 
blood creatinine 1 57 mgm per cent, plasma cholesterol 417 mgm per cent, 
basal metabohe rate —30 6 per cent 

Durmg stay m hospital the urme sediment usually contained many hya- 
line and granular casts The plasma albumin varied betv. een 1 62 and 2 19 
per cent The other findmgs were unchanged, up to the tune of discharge 
Subsequent evaimnations, made 13 months and 16 months afterwards 
show cd little change ♦ 

Cased Hospital No 5505 D B , male, 9 to 10 j ears Height 134 
cm Hegeiicratne Bngbt’s disease 

Two months before admission the patient had a slight cold followed by 
sw ellmg of the face and legs and by albuminuria 
On admission the urine sediment contained hyahne and granular casts 
and a few leucocytes and doubly refractive bodies The eyegrounds, blood 
pressure and heart size were normal Chronic tonsilhtis was present but 
no sinusitis Wassermann reaction was negative Plasma globulin was 
2 52 per cent, albumin 131 per cent, blood urea nitrogen 32 mgm per cent, 
blood crcatimne 1 23 mgm per cent, total fat in plasma 1 32 per cent and tlie 
basal metabohe talc — 13 Spcrcent 

These findmgs did not change significantly during the period of observa- 
tion except for the sediment, which, when the patient was last seen, 20 
montlis after admission, contained no casts but still some leucocj tes At 
this time the patient was going to scliool and in good condition He is still 
taking a salt free diet Ihe septicemia 6 months after admission wais 
caused bj pneumococcus T> pe IV 


‘ \ mo c ilet-ulcd d«cnpUon ami itiuniswon o! tliw case s« m MacKav and 1 olmston, 
(IUjO), and Uirch (1530) 
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Case 62 Hospital No 5913 M H, female, 23 years Degenet ative 
BnghVs disease Complicated by pregnancy. 

Seven months before admission albummuria was accidentally found 
One month later she became pregnant and during the next month edema 
appeared An abortion was provoked, but the edema persisted. 

On admission the urme sediment contained no erythrocytes, some leuco- 
cytes and hyahne casts, and many granular casts The eyegrounds, blood 
pressure and heart size were normal Wassermann reaction was negative 
Plasma globuhn 1 88 per cent, albuxmn 1 88 per cent, blood ureamtrogen36 
mgm per cent, blood creatimne 1 51 mgm per cent, plasma cholesterol 
536 mgm per cent, basal metabohc rate — 16 per cent 

Durmg observation the number of casts decreased considerably The 
plasma albumm increased to 1 94 per cent The patient is stiU taking a salt- 
free diet. 

Case 63 Hospital No 6510 J B , male, 46 years Degenerative 
Bright's disease {amyloid) with tuberculosis-^exitns 

For 3 years before commg to hospital, the patient had had severe gastro- 
intestinal s)miptoms Six months before admission edema of the feet and 
legs had appeared and he was told that he had Bnght’s disease because of 
the finding of albumm m the urine He had lost 20 pounds m weight durmg 
the 3 months previous to the onset of edema At no time had there been 
gross hematuria 

On admission there were signs of advanced pulmonary tuberculosis The 
blood pressure measured 120 mm systohc and 80 mm diastohc The unne 
contamed about 18 grams of protein per day, many hyahne casts, double 
refractive bodies, and many white blood and epithehal cells , no red blood cells 
were observed in the sediment The blood urea N was 17 1 mgm per cent, 
and the plasma NPN was 36 mgm per cent The albumin fraction of 
the plasma proteins was only 0 87 gram per 100 cc The globuhn was m- 
creased to 4 4 per cent The blood hemoglobin was 16 5 volumes percent 
O 2 capacity A phenolsulfonephthalein test resulted in a 70 per cent re- 
turn of the dye in 2 hours 

Durmg the 3| months that the patient was under observation, the pul- 
monary lesion mcreased Evidence of degeneration in thekidneys contmued 
the protem excretion in the unne remained above 20 grams per day, and the 
excretion of white blood and epithehal cells and casts increased Excretion 
of red blood cells did not occur The plasma proteins remained low, as did 
the blood pressure The phthalem excretion was reduced to 38 per cent m 
2 hours The blood urea mtrogen did not rise above 27 mgm percent The 



COURSE OF bright’s DISEASE 


377 


(le%elopment of intestinal tuberculosis lesions, during the second month 
that the patient was in the hospital, hastened death 

Autopsy Autopsy No 313/1928 We were permitted to do onh an 
autopsy of the abdominal cavity This was performed 13 hours after 
death 

Death by chronic pulmonart and ulcerous intestinal tuberculosis Ex- 
tended amjloidosis was present also in the kidnets, in liver, spleen, adrenals 
and intestine 

The right kidney weighed 210, the left 220 grams Both kidnevs were 
firm Their capsules stripped easily The surface of each was smooth and 
jellonish gra\ in color The cortex was enlarged and similar in colorto the 
surface It w as w ell marked off from the brow n red medulla 

Vicroscaptc examination All glomcrnh arc more or less diseased In 
each glomerulus all or part oj the loops arc tnfiltralcd aiith amyloid in diffuse 
dislrilitilian (fig 37) The amyloid gives a positive iodine sulfuric acid 
reaction as well as a positixe methyl violet reaction rrequentl> the glo- 
meruli contain tufts well filled with blood There is no fat within the glo- 
meruli Occasionally one finds increase in the number of nuclei in some 
tufts The panetal epithelial cells arc increased in number in some 
instances 

iVcar/v all artcrioh are changed in to thick amyloid tubes (fig 37), the lumina 
of which are open in most places OccasionalK thej contain fat The 
larger arteries contain only a little amvloid and show slight degree of inti- 
mal hjperplasia 

The tubules of the cortex arc markedly changed The procmal tubules 
are enlarged and lined with grcatli swollen epithelial cells which in places 
close the lumma entirely The epithelial cells hav e undergone degeneration, 
which is partlj of the fattx, partlj of the hj aline droplet type (fig 38) 
IrcqucntU thc> contain pjcnotic nuclei or have lost them entireh In 
mam instances the epithelial cells arc desquamated In such places there 
are signs of rtgeneration In the basal parts of the epithelial cells one secs 
ncarli cverj where fine or coarse grained fat, part of which is doublj refrat- 
ti\e Also the distal parts of the tubules contain in places much fat In 
the lumma of the tubules one finds some coagulated protein, man\ si ollcn 
and desquamated epithelial cells, and in some places also poll morphonu- 
clcar Icucocx tea Ex crjaxherc thev coni iin numerous casts 

I he inteiMitial tissue is well prescrxcrl In a few places small scars art 
seen which m i\ contain small round cellular infiltrations 

Inatomicat diagnosis Amxloid nephrosis (Stage II of I ahr) 
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Case 64 Hospital No 5219 B F , female, 24 years Degenerative 
Bright' s disease exitus 

Ten months before admission edema gradually appeared, followed by loss 
of strength and appetite Two months before admission the patient had 
pleurisy for 3 weeks 

On admission marked asthenia and some abnormal increase m skin pig- 
mentation was found The urine sediment contained some leucocytes and 
hyaline casts The eyegrounds were normal except for pigmentation The 
blood pressure was 98/76 The heart was a "drop-heart " A test meal 
showed achyha gastrica Wassermann reaction negative Plasma globulin 
was 2 08 per cent, albumin 1 77 per cent, blood urea nitrogen 25 mgm per 
cent, blood creatinine 1 27 mgm per cent and the basal metabolic rate 110 
per cent 

During observation the urine sediment showed an increasing number of 
granular casts Occasionally doubly refractive bodies were found, but never 
any erythrocyte casts The blood pressure remained abnormally low until 
5 months after admission, it then rose to about 125/80, but decreased again 
during the last 8 months of observation Diarrhoea was often present, and 
anorexia and asthenia most of the time Amenorrhoea was present during 
a period of 5 months The plasma albumin gradually increased to about 
2 4 per cent, but one week before death it wa only 1 82 per cent Five 
months after admission the blood urea nitrogen began to rise One week 
before the death the blood urea nitrogen was 211 and the creatinine 9 1 mgm 
per cent Death occurred in asthenia ffter a period with diarrhoea and oli- 
guria The day before death the blood pressure was 66/38 No autopsy 
Addison’s disease was suspected 

Case 65 Hospital No 5949 M K, Male, 20 years Degeneiahve 
Bright's disease — > uremia exitus 

For several years he had a chronic infection of the nose This practically 
ceased after an operation 5 months before admission Eight months before 
admission edema and ascites appeared Three months later albuminuria 
was found, but the blood pressure and blood urea nitrogen were normal 

On admission the urine sediment contained a few erythrocytes, some 
leucocytes, many granular and cellular casts, and occasional doubly refrac- 
tive bodies The eyegrounds, blood pressure, and heart size were normal 
Wassermann reaction negatix’'e Plasma globulin was 2 47 per cent, albu- 
min 1 30 per cent, blood urea nitrogen 35 mgm per cent, blood creatinine 
1 46 mgm per cent, plasma cholesterol 877 mgm per cent, and basal meta- 
bolic rate —28 2 per cent 
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During observation ibe plasma albumin decreased further to a mmiinum 
of 1 17 per cent and then rose gradually to 1 80 per cent The plasma cho- 
lesterol decreased and was 226 mgm per cent 9 months after admission 
The unne sediment and blood pressure had not changed sigmficantl> 
The blood urea nitrogen increased to 99 mgm per cent, the blood urea clear- 
ance fell to values characteristic of the terminal stage and death follon ed in 
uremia No autopsy 

Case dtf Hospital No 683-t T A, male, 42 \ears Degcncratiie 
Bright's disease (atn%loidosis) — » tircima — > eutus 

The patient passed an insurance examination 3 y ears before admission 
and lias told he had abnormally low blood pressure at that time Onset 
17 months before admission with weakness Edema appeared 5 months 
later There had been no gross hematuria noted From 2 months pre- 
vious to admission there had been severe abdominal cramps, also intermit- 
tent diarrhea 

On admission to hospital the patient was in uremia The blood urea 
nitrogen was 86 1 mgm per cent Non-prolcm nitrogen 115 mgm per 
cent The phenolsulphoncphthalcm test resulted in less than 1 per cent 
return in 2 hours fhe blood pressure was 110/55 The plasma albumin 
was somewhat reduced to 3 1 per cent, the globulin remaining normal at 
2 7 per cent A fresh specimen of urine revealed bv ordinary microscopic 
examination no red blood cells However, a concentrated 12 hour speci- 
men showed 1,600,000 red blood cells (norma! limit = 500,000), 27,000,000 
white blood cells and epithelial cells, and 600,000 casts, 10 per cent of 
whidi were of Addis renal failure Ivpe, 5 per cent hvalme, 5 per cent 
epithelial, and 80 per cent granular m character The protein excretion m 
the iirint was 3 5 grams daily Wliilc under observation, the patient’s 
condition became rapidlv worse, and he died of uremia on the tenth dav 
fhe blood pre'>sure remained low to the end, the svstolic measured between 
90 and 110 mm and the diastolic between 55 and 78 mm 

liili)ps\ \ulop^v >.o 317/1929 \ulopsv commenced 8 hours after 
death 

Death in uremia Uremic hemorrhages m the intestine I vtendedamy - 
loidosis, 111 the kidncvs, hv er, lung, adrenals, pancreas, spUen and mtestint 
1 resh serofibrinous pericarditis Old healed endocarditis of the muni and 
aortic valves Moderate atheromatosis of the aortic cusp of the mural 
valv e, of the coronarv irtcrics and of the aorta \n ctiologic cause for the 
amvlnidosis could not be found 

The right kulnev weighcil 160, the left 170 grams T he eapsulc of each 
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Stripped easily Both kidneys were remarkably flabby The cortex was 
yellowish gray in color and finely granulated Hemorrhages were not seen 
The cortex was of about normal breadth, yellowish gray in color and faded 
It was well marked off from the medulla 

Mta oscopic exmmnatwn The glomeruli are of about normal size 
Frequently, they fill out the capsules entirely Thetj tufts me gieatly 
tnfilU ated with amyloid tn diffuse distribution (figs 39 and 40) The amyloid 
no longer gives iodine sulfuric acid reaction, but does give a positive methyl 
violet reaction in many places Only a few glomeruh still contain blood 
Most of the glomeruli do not show any erythrocytes Many tufts are poor 



Fig 40 Case 66 For diagnosis see figure 39 

Extensive difiuse amyloidosis of the artenes, artenoli, and glomeruli Distinct scar 
formation in the interstitial tissue Atrophy and degeneration of the tubules In the 
tubules many casts Mueller-formalin fixation, elastica-Van Gieson X60 

in nuclei Many glomeruh contain much fat in their tufts (fig 41) The 
parietal epithelial cells are occasionally increased m number Single glo- 
meruh are hyahnized and stained red by Van Gieson 

Nearly all aiterwli aie changed into thick amyloid tubes (figs 39 and 40), 
the lumma of which are narrowed or closed entirely Frequently they con- 
tain fat Also the larger arteries are much infiltrated with am 3 doid In 
most places all layers of the walls are affected However, the largest amount 
of amyloid is found in the adventitial layer Occasionally, the media is fairly 
well preserved The intima of the larger artenes is h 3 q)erplastic in some 
instances and contains fat 




lie 11 Cn«;c66 I or diagnosis see figure 19 

[he tufts of the j,lomcrulus arc mfiUntcd b> am>loul 'int! fat bomL of iht lo«p< 
contain (hrl Mut si lined grams (calcium’) 1 he afferent arlcnolt is cnt)rcl> tlianget! to 
amjloid matter Mueller formalin fixation, Sudan III hcmilotilin X2(K) 
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Also in the interstitial Ussue of the kidne>s, especially of the medulla, 
diffuse amjloid is found 

The tubules are in the stage of advanced atrophy up to entire disappear- 
ance Frequently, they are dilated and their epithelial cells flattened so 
that It IS often difficult to differentiate ascending and descending tubules 
Occasionally, the epithelial cells contain fat which is very' irregularly' ar- 
ranged Vacuohe degeneration is distinct in some places, but as a slight 
hyaline droplet degeneration, not v'erv conspicuous The epithelial cells 
are frequently desquamated Occasionally one sees signs of regeneration 
In the lumina of the tubules one finds coagulated protein Of the epithelial 
cells some are desquamated and some have undergone fattv' degeneration 
In a few places there are polymorphonuclear leucocytes Everywhere the 
tubules contain large numbers of casts 

The interstitial tissue of the kidnevs is frequently’ enlarged and contains 
increased collagenous connectiv'e tissue In such scars one sees round cell 
infiltrations (fig 39) In a few interstitial places one finds some polymor- 
phonuclear leucocy tes entering the tubules The capillanes are in part well 
filled with blood 

Analomical dtagnosis Amvloid nephrosis (Stage III of Fahr) 

Summary 

Clinical, chemical and functional observations, continued for periods 
vary ing from a few w teks to sev’eral y ears, arc reported on 67 patients 
with Bright’s disease, hemorrhagic, sclerotic, and degenerativ e Gross 
and microscopic anatomical findings are desenbed for 17 of these cases 

Our observations support the v'lcw of Volhard and Fahr and of 
Addis that the three types of Bnghl’s disease arc essentially differcntm 
their genesis and pathological nature tlie hemorrhagic or glomerular, 
marked primarily by glomerular inflammation, with hematuria and 
usually diminished renal function (even in the icute stage), the sclerotic 
disease, marked pnmarily by pathological changes in the small arteries 
of the kidnevs (and usually other organs), with hypertension as the 
first sign and diminished renal function only as a terminal jihenomc- 
non, the degenerative disease or diseases, called nephrosis, marked 
primarily bv degenerative changes in the kidnevs, without hvjicrten- 
sion and with hematuria Contrary to the ipparcntlv general 
bilief eveept that of Addis, we have observed that gradual deerease 
of urea evcretiiig ability frequently develops during the course of 
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nephrosis, and that the disease may end in uremia, the glomeruli being 
then involved in the degenerative changes 

Our data also support the belief of Volhard and Fahr and of Addis 
that it IS possible from observations during the course of the disease 
to deduce the general nature of the pathological changes occurring 
in the kidneys In the cases clinically diagnosed as hemorrhagic 
nephritis and examined post-mortem, the changes characteristic of 
glomerular inflammation were outstanding, except in some diagnosed 
as hemorrhagic plus arteriosclerotic, in which it was difficult to tell 
histologically whether the glomerular or arterial changes were primary 
In the cases diagnosed as arteriosclerotic and as degenerative Bright’s 
disease (nephrosis) the post-mortem findings were confirmatory 
The clinical differentiation between hpoid and amyloid nephrosis 
was not attempted 

The diagnoses have been made chiefly on the basis of observations of 
the urea excreting power of the kidneys, measured by the blood urea 
clearance (cubic centimeters of blood cleared of urea by 1 minute’s 
excretion, Moeller, McIntosh, and Van Slyke (1928)) , of the hematuria, 
blood pressure, plasma protein content, proteinuria, and edema 
Blood hemoglobin content was also followed, and although not of 
decisive diagnostic value was found to be of interest as an indication 
of the toxic damage suffered by the organism, and to have prognostic 
significance The above observations are presented in charted form 
for each patient 

In acute hemorrhagic nephritis the prognosis was found to be in- 
dependent of the severity of the disturbances during the first weeks, 
with the single exception of the plasma albumin content The ma- 
jority of cases in which this fell to a low level became chronic In- 
tensity of hematuria, proteinuria, and degree of hypertension had no 
apparent relation to the probability of recovery Fall of the renal 
function to as low as 10 per cent of normal, measured by the blood urea 
clearance, was found not inconsistent with apparently complete 
recovery The majority of cases showed during the first two months 
a decided fall in renal function measured by the blood urea clearance 
In all these cases which recovered or improved, however, the blood urea 
clearance began to rise within 4 months after the acute hemorrhagic 
onset The occurrence or non-occurrence of this rise in renal function 
constituted the most definite single prognostic sign 
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After the initial acute stage of hemorrhagic nephritis a period uas 
observed in some cases during which hematuria and hypertension 
quite disappeared, while proteinuria, plasma protein deficit, and edema 
still persisted During this stage, these cases, except for their acute 
hemorrhagic historj, were indistinguishable from nephrosis Sub- 
sequently in a few months, however, they either completed recover} 
or improvement to the symptom-free latent stage, either of which w as 
a relatively rare occurrence in our nephrosis cases, or else they de- 
veloped into chronic hemorrhagic nephritis 
1 he tendency to non-cardiac edema was found to parallel approxi- 
mately the fall in albumin content of the blood plasma, except during 
the first weeks of acute hemorrhagic nephritis Edema during this 
period was repcatedl} observed ev'en when the plasma proteins 
remained normal The edema was, however, moderate and temporary 
unless plasma albumin deficit developed In all stages of nephrosis 
plasma albumin deficit and tendency to edema occurred together 
One case of amyloid nephrosis, the diagnosis of which was checked by 
autopsj, was exceptional in that edema had been present to only a 
slight extent m this case the plasma albumin show ed onh a relatively 
moderate fall below normal In arteriosclerotic renal disease plasma 
proteins were never markedly reduced, and only cardiac edema was 
observ cd 

Of the different features of the disease that w ere follow ed, the blood 
urea clearance proved to be the most closelv related to the onset of 
final renal failure I he renal function, measured bv the clearance, 
could apparently' remain indefiniteh at 10 per cent of normal without 
uremia, but when it fell to below 5 per cent uremia occurred and was 
usually fital Exceptions to the immediately' fatal outcome were 
found m acute cases, which can recover if the functional depression 
does not last too long, and occasionallv a terminal case, in which the 
functional fall is partlv due to factors, such as desiccation, other than 
dc-,truction of renal tissue In such a case treatment, particularly 
saline and glucose injections, may both improve gcneril condition 
and somewhat increase the blood urci clearance, althouah the added 
least of fife appears to be at most a few months 

rile above summarv indicates onlv incompletelv the nature of the 
o Jicnations rejxirtcd The variations within each ot the 3 Ivptsof 
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Bright’s disease studied are great, and a study in detail of the case 
examples presented is necessary for utilization of the matenal con- 
cerning the incidence, intensity, time relationships, and diagnostic and 
prognostic significances of the functional and chemical disturbances 
that have been studied 
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STUDIES ON THE BACTERIOLOGY OF EPIDEMIC 
INFLUENZA* 

PETER K OUTSEY, M D 

From the Laboratories of the Rockefeller InshUtefor ifedical Research, hea: kork 

It IS noil SIX years since 1 first came here to demonstrate the work 
done by Dr Gates and m>self on llie bacteriology of epidemic influ- 
enza The presentation (1) was then made under the egis of Dr 
Charles E Simon, at tlie beginning of his senes of courses on Filterable 
Viruses The courses were notable not only because they were the 
first to be given on this subject in a spcaal department of a school 
curriculum, but also because they were comprehensive and scholarly 
One should pause to think of the debt which modern medianc owes 
to Dr Simon, and to mourn the loss of his charming and inspiring 
presence 

I diall try to discuss, within the hour, the work on the bacteriologj 
of influenza which has been done during the past few years, and con- 
sider the subject in the light of more recent experience In tlie interest 
of a continuous presentation, it is desirable to restate bneflj tlie results 
of earlier experiments 


EARLIER OBSERVATIONS 

In face of the severe pandcmicof influenza of 1918, doubt was cast on 
the significance of Pfeiffer’s bacillus as the causal agent of the disease 
Competent bacteriologists failed to find the microorganism m the 
blood or nasopharyngeal secretions of early cases with an> degree 
of rcgulantj , although this organism, as well as other ordinary bac- 
tem, could frequently be recovered from the lungs of per'ions who hid 
succumbed to a secondarj pneumonia Moreover, it was often found 
as a secondary invader in other unrelated diseases, sudi as tuberculosis, 
whooping cough, and measles, in respiratory infections other than 

* Dc Ixcui Lecture delivered lylorc Oir Joins nopUni ImLtrj ly W-l >3l d 11 '.m- 
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influenza, and m normal persons during interepidemic and epidemic 
periods. Antibodies against the bacillus could be demonstrated 
only irregularly in recovered patients and serological tests revealed 
many distinct types in the majority of cases, although the rapid spread 
of the epidemic might lead one to suspect the incitant to be of one type. 
Furthermore, no clearcut evidence was adduced to show that the 
bacillus was specifically pathogenic for laboratory animals, and finally, 
inoculations with vaccines did not appear to be generally effective m 
diminishing the incidence of the disease 
The unparalleled spread of the 1918 pandemic and the confusion 
that existed in respect to tlie causal agent of influenza led a number of 
investigators to turn to the study of its etiology While Dr. Gates 
and I were at work upon this problem, several articles appeared which 
reported the successful transmission of the symptom-complex of influ- 
enza from man to man and from man to monkey by the use of filtered 
material. Among the many reports were, notably, those of Dujarric 
de la Riviere (2), Nicolle and Lebailly (3), Yamanouchi, Sakakami 
and Iwashima (4), and Bradford, Bashford and Wilson (5) 

The experiments made by Dr Gates and myself concerned chiefly 
the cultivation by special methods of the filtered nasopharyngeal 
washings obtained from early cases of epidemic influenza As a 
ground-work for the cultivation tests, animal transmission experiments 
were first done with the object of inducing an infection of an influenzal 
character The three outstanding characteristics of the human 
disease which could be used as criteria for interpreting successful 
animal transmission experiments were considered to be (a) the leuco- 
pema, (3) the diminished resistance of the lungs which permitted inva- 
sion of different bacteria and so opened the way to pneumoma, and (c) 
the pathological changes chiefly edema, emphysema and hemorrhage 
found inthe lungs of those who succumbed. 

The first attempts at transmission of the infection from man to rab- 
bits were made with the unfiltered sahne solution washings of the naso- 
pharynx of patients in the early hours of uncomplicated, epidemic 
influenza It was expected that the different bacteria ordinarily found 
in the washings might be suppressed by animal passage and that the 
specific effects of an extraordinary microorganism might thereby be 
revealed. Later, filtrates of similar washings through Berkefeld “W' 
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candles Here employed Intratracheal inocrdations in rabbits of the 
unfiltered or filtered matenal were followed, one or tw'O days later, by 
characteristic effects (6, 7) They compnsed mainly amild and trans- 
itory febrile reaction accompanied by leucopenia which endured for a 
few days, and from which the animal wholly recovered unless bacteria 
sucli as reside ordinarily in the nasopharynx were also injected into 
the lungs While such bacteria by themselves do not, as a rule, pro- 
duce lesions under these conditions of experiment, they were able to 
multiply in lungs affected by the injection of influenzal washings, ana 
cause severe, and often fatal, pneumonias On the other hand, when 
a rabbit was killed at the height of the mild and transitory uncompli- 
cated reaction, the lungs often revealed an inflammation characterized 
chiefly by edema, emphysema and hemorrhage, but free from the 
fibrinous and cellular consolidation which is characteristic of pneu- 
monia of bacterial ongin 

Dunng the first annual transmission experiments, cultivation tests 
were made with the filtered nasopharyngeal washings from patients 
early m the disease and with fragments of lungs, and filtrates thereof, 
obtained from rabbits injected with influenzal secretions (8, 9) 

The special methods used for cultivation of the influenzal material 
compnsed the Smith-Noguchi medium, which consisted of sterile, 
human ascitic fluid, to which was added a small fragment of fresh, 
stenlc rabbit's kidney, all under a petrolatum seal Later, there w ere 
added collodion sacs prepared in a particular manner (10) Ihe 
Smith-Noguchi medium was enclosed m the collodion sac, surrounded 
by distilled water or physiological salt solution The addition of 
petrolatum seals established anaerobic conditions tliroughout the sys- 
tem, and Uie nutntive and growrtli-promoting substances of the 
medium diffused through the collodion in suffiaent quantities to sup- 
port a luxuriant growtli in tlie surrounding liquid Ihe confusing 
protein precipitate which formed around the tissue of the medium was 
confined m the sac Rabbit blood agar plates incubated anaerobic- 
ally offered still anotlicr means for cultivation, and finally , broth pre 
pared with cultures of Baclmtim colt (11) In Uie case of the latter 
medium, tlic cob organisms were grown in broth under a petrolatum 
seal until the bacterial cloud was barely aisible Then the bacteria 
were killed by heat The resultant products of BacUnum colt served 
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to supply growth-promoting factors and thus enriched the medium 
The Smith-Noguchi medium and the blood agar plates were used for 
primary isolations of microorganisms from filtered influenzal secre- 
tions or rabbit lungs; the sacs, for separation of piotein precipitate 
from minute filter-passing orgamsms so as to peimit tlieir demonstra- 
tion more clearly especially in sparse growtlis The coh broth was 
emplbyed for the preparation of antigen for serological tests In the 
course of time, the technique as outlined for isolation of filter-passing 
microorganisms was changed only in one respect, namely, a different 
fluid was used for suspending the nasopharyngeal secretions In the 
earliest experiments, physiological salt solution was employed, later, 
dextrose Ringer’s solution, and finally, broth That broth favors the 
filtration of bacteriophage was first demonstrated by Bronfenbrenner 
(12), and that it acts similarly in the case of filter-passing anaerobes of 
the nasopharynx was shown by Mills, Shibley and Dochez (13) 

There was isolated from the filtered nasopharyngeal secretions of 
patients in the early hours of influenza, and from the lungs of rabbits 
intratracheally inoculated with these secretions, a hitherto undescribed 
organism, called Bactemm (later, Dtahsfer) pnminostiitcs This 
bacterium was recovered from similar sources during the pandemic of 
1918-1919 (8) and during the recurrent waves of epidemic influenza 
in 1920 (8), 1922 (9), 1923 (14), and 1926 (15) Mention should be 
made of the fact that during inter-epidemic or epidemic periods the 
microorganism was not found in cultures of nasopharyngeal secre- 
tions of apparently healthy persons, or of patients suffering from non- 
influenzal affections Nor was it found in the lungs of normal rabbits 

or those inoculated intratracheally with non-influenzal material 
At this point, attention should be called to the fact that Bacterium 
pncumcsinles has not been cultivated from a large senes of patients 
with common colds Mills, Shibley and Dochez (13) have obtained 
similar results They have made every effort to cultivate the organ- 
ism except the use of animal transmission and have failed to recover it 
in their extensive work with normals and with common colds It ap- 
pears, therefore, that up to the present the microorganism has been 
found only in association udth true epidemic influenza 
As originally isolated, Bacterium pnmmosintes was a minute body, of 
regular and baalloid form, mth its length measuring from 0 15 to 0 3 
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micron (150 to 300 millimicrons), about 2 to 3 times its breadth It 
M as capable of passing Berkcfeld “V” filters and of resisting the action 
of 50 per cent glycerol for months It multiplied slowly and then onlj 

under strictly anaerobic conditions The microorganism was consist- 
ently Gram-negative and could be stained, but not deeply, with the 
usual basic dyes It formed on the surface of blood agar plates 
minute, round, convex, amorphous colonies having a colorless or gray- 
ish translucence In media other than the Smith-Noguchi, somewrhat 
longer forms of the organism have been noted but these have reverted 
to the onginal minute forms on transfer to the Smith-Noguchi medium 
Later observations have shown that the charactcnstics just de- 
scribed remain constant over a period of many years — in one case 11 
y cars — ^w hen the microorganisms are maintained in the original Smith- 
Noguchi medium Furthermore, in this medium the strains require 
transfer only at long intervals, that is, from six months to a year, since 
It was found that the organisms remain viable therein at least three 
vears without subplantation 

In early cultures, the Bacterium pneumosinlcs induced in rabbits 
the characteristic clinical and pathological effects which followed 
intratracheal injection of the nasopharyngeal secretions of influenza 
patients and which have already been described But this patliogen- 
laty was lost during artificial cultivation However, the more recent 
expencnce of Bolz (16) may be of interest in this connection Old 
cultures of Bacterium pneuvionnles were injected intraccrebrally in 
rabbits They were killed 48 hours later during a febnie reaction 
The microorganisms were recovered only from the lungs, and then in 
pure culture The other internal organs were negative 
On the other hand, rabbits immunized wath Bacterium pncimosinles 
cultures developed specific agglutinins, precipitins, bactcnotropins and 
complement-fixing bodies (17) A significant feature of the serological 
tests IS the fact that alt the strains tested had similar antigenic proper- 
ties and reacted ulcnticalK' waih the sptafic antibodies produced by 
any one of them , in otlier w ords, all M rams behav cd as if dcrivaid from 
a common source F urlhermorc, the blood serum of patients who had 
recovered from clinical influenza agglutinated one or more strains of 
the microorganism, although the serum obtained dunng an epidemic 
period from a group of indivaduals apparently free from an attack of 
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influenza showed similar agglutinins but in a smaller number of in- 
stances (15). 

With regard to the relationship of Bacterium pneuinostntes to the 
incitant of epidemic influenza, it was stated (1) in 1923 that “it has 
seemed wiser, merely to report the experimental facts, and to 

defer decision of the precise relation which Bacterium pneumosintes 
bears to epidemic influenza until further experience is obtained ” 
And again, in 1926 (15), “a large accumulation of observational and 
experimental evidence must be sought wherever available, and pieced 
together as opportunities permit,” in the effort to determine this rela- 
tionship 


THE PNEUMOSINTES GROUP OP MICROORGANISMS 

Bacterium pneumosintes is not the only anaerobic, filter-passing, 
Gram-negative microorganism found in the upper respiratory tract of 
man From the nasopharyngeal secretions of patients suffering from 
vanous respiratory infections and of normal individuals, a considerable 
number of different bacteria of this group has been cultivated Credit 
is due to Dr Avery of the Hospital of the Rockefeller Institute for his 
discovery of the first of the groups (later designated as Group I) by 
means of cultures of filtered nasopharyngeal secretions on anaerobic 
blood agar plates. His finding was quickly followed by the isolation 
of two other groups by Dr. Gates and myself (Groups H and III) 
(9), and again shortly thereafter of still two others by me (Groups la 
and nia) . In all, at the present time, the hterature records more than 
30 supposedly different groups of microorganisms of new species iso- 
lated from the upper respiratory tract, of which 6 were cultured at the 
Rockefeller Institute, and 11 additional ones were isolated by workers 
trained there (Branham (2) andLevinthal (9)). 

It is not to be supposed that the different species of these micro- 
organisms are limited to this number Others may be found from time 
to time. Nor has the last word been said about the specificity of each 
one of the groups. It is hkely that in a number of instances there is 
duphcation However this may be, the number of the different groups 
of anaerobic, filter-passing organisms isolated from the nasophar)mx of 
man is comparable to that of the aerobic bacteria found in the same 
region Further work is necessary to show the significance of each 
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group of "bacteria, but for the present they may be tabulated and de- 
scribed bnefly as follows 

GROUPS OP GRAM-NEGATIVE, ANAEROBIC BACTERIA FpUND IN PILTERED 
EECRETtONS PROM THE NASOPnARYNX 

Baclcmtm p/icimwsuiles, already described 

Group I fOlitsky and Gates’ classification) Vibrios of variable 
length, motile, showmg sparse granular grow'ths m Smith-Noguchi 
medium Colomes are large, heaped in the centers, with flat edges, 
and non-hemolytic The organisms are autoagglutinable (9) 

Group la Long, baalloid organisms, non-motile, growing as a 
diffuse cloud in Smith-Nogudn medium Colonies are raised, round, 
and translucent, with flat edges, they exhibit zones of brownish dis- 
coloration Serolgical tests reveal their specifiaty and distinction 
from members of the other groups 

Group n Baalloid, pleomorphic organisms, non-motile, show- 
ing no obvious signs of growth in Smith-Noguchi medium , they merely 
vegetate therein Plate colonies are translucent and small, and 
resemble those of Bactenum pncumostnies, they do not change the 
appearance of the medium Serological tests reveal their speaficity 
( 9 ) 

Group ni Short, vibno-hke, tenuous, monomorphic organisms, 
motile, vegetating only m Smitli-Noguchi medium Colonies arc 
large, with raised, cratet-like centers and flat, irregularly spreading 
edges, they do not change the appearance of the medium The organ- 
isms arc autoagglutinable (9) 

Group nia Bacilloid, short, tenuous, delicate organisms, some 
vibrio like, faintly stained bj the usual dyes, non-motde and growing 
very feebly in Smith-Noguchi medium Colonies arc small, granular, 
witli slightly peaked centers and edges whidi are toothed, they do not 
change the appearance of the medium Serological tests show their 
distinction from members of other groups (18) 

TJic next two groups have been rccoxercd by Branham fl9) from 
tlic filtered nasopharyngeal washings of patients with intlucnza or 
common cold They are as follows 
Group I (Branham’s dassificalion) 1 his group has the distinction 
of retaining Gram’s stain It consists of very minute organisms. 
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indefinite in shape, occurring m clumps, and showing microscopic, 
round, raised, transparent colonies 

Group II Gram-negative cocci, in diplo form but occasionally m 
short chains, showing a granular growth in Smith-Noguchi medium 
and producing hemolytic, round, smooth, shiny, raised, translucent 
colonies 

Another microorganism, isolated from the fiiltered nasopharyngeal 
secretions derived from influenza patients, and called Bactllus gramih- 
formis, has been reported by Pavlovid (20). This type has a close 
morphological resemblance to Bacterium pneumosintes and is therefore 
a Gram-negative, anaerobic, non-motile, baciUoid organism, which is 
stained with difiiculty. As described by Pavlovid, it is pathogenic for 
rabbits, inducing a transitory reaction of fever and, generally, leu- 
copenia The lungs of affected rabbits show also a hemorrhagic lesion, 
free from pneumonic consolidation, and the intratracheal inoculation 
of the microorganism may be followed by secondary pneumonias, if 
combined m action with other ordinary bacteria It is of interest to 
note that 60 per cent of the patients studied, in the 1927 epidemic in 
Belgrade, yielded agglutinins in their sera against this baciUus Sero- 
logical tests, furthermore, revealed that antipneumosintes serum 
agglutinated, and gave positive complement-fixing reactions with 
Bacillus granuhf omits Pavlovic, however, maintains that the latter 
is distinct from Bacterium pneumosintes 

In addition, there are recorded by Garrod (21) and by Williams and 
her collaborators (22) the incompletely classified groups of anaerobic 
orgamsms also cultured from filtered nasophar 3 nigeal secretions of man 
Garrod reports 2 types Type I, minute, anaerobic, filterable, Gram- 
negative coccus, producing microscopic, transparent colonies which 
are hemispherical and have dear-cut margins Type II, short, 
tenuous. Gram-negative bacilli, sometimes curved, producing micro- 
scopic, transparent colonies which are pleomorphic, some being flat, 
others shghtly raised or conical, with either smooth or crenated edges 

The next series of microorganisms to be described comprises groups 
of Gram-negative, anaerobic bacteria found m the nasopharynx of 
man, the filterability of which is unknown because reports of this 
characteristic are lacking. The bacteria are tabulated and briefly 
described as follows 
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GROUPS OF GRAM-NEGATIVE, ANAEROBIC BACTERIA FOUND IN THE 
NASOPHARVNX OF MAN 

Tlie first senes are those isolated by Le^^nthal (23) They include 
9 different groups of \\hich 

Group I (Leyinthal’s classification), Slreplrolhrtx amerobioniica, 
comprises thick, thread-like, also short and long baalli which grow as a 
diffuse doudin Smith-Noguchi medium, producing gas nhen dextrose 
IS added Colonies are raised, whitish and mucoid 
Group n Long, tenuous, thread-like organisms forming raised, 
whitish colonies w'hich arc hemolj tic 

Group ni Short, monomorphic rods with polar bodies Colonies 
are grayish, large and transparent (These are called Pasleiirdla 
anaerohtonltca ) 

Group W Bacilli of marked plcomorphism, like Type III Pfeif- 
fer’s baalh (Lcvinthal's classification) Colonies arc small, flat and 
colorless 

G roup V Coccobacilli resembling Type I Pfeiffer’s baalh , showing 
a profuse grow th in Simth-Noguchi medium Colonies are flat, shiny 
and reddish gray 

Group VI Bacilloid, pncumosintcs-hke organisms produang 
dew-drop colonies Serological tests show their distinction from 
Baclcrium pncumosinlcs 

Group VII Tenuous, short and long baalh, non-motile, which 
form small, whitish colonics ha\nng brownish centers 
Group ITII Pleomorphic baalh, labile to Gram’s stain, non- 
motile, forming small, clear, colorless colonies 
Group IX (Streptococcus parvulus) Coca in short cliains which 
remain alne but do not grow m Smith-Xoguchi medium and product 
mmute, dear, colorless, flat colonies 
In addition there arc six groups isolated by Tliomson (21) 

Group I contains organisms regarded by Thomson as types of 
Bacterium pueumosintes They were isolated from a severe case of 
Lngadmc fever (influenza’) They alter boiled blood agar to a cherry 
red color, and this is the distinctive difference between the organisms 
and Bactenun pueumosintes 

Group II Gas produang diplococci whidi resemble Slaphylo 
coccus par"ilus 
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indefinite in shape, occurring in clumps, and showing microscopic, 
round, raised, transparent colonies 

Group II Gram-negative cocci, in diplo form but occasionally m 
short chains, showing a granular growth in Smith-Noguchi medium 
and producing hemolytic, round, smooth, shiny, raised, translucent 
colonies. 

Another rmcroorganism, isolated from the filtered nasophar}mgeal 
secretions derived from influenza patients, and called BactUus granuk- 
formis, has been reported by Pavlovid (20). This type has a close 
morphological resemblance to Bactemm pneiimosintes and is therefore 
a Gram-negative, anaerobic, non-motile, baciUoid organism, which is 
stained with difficulty As described by Pavlovid, it is pathogemc for 
rabbits, inducing a transitory reaction of fever and, generally, leu- 
copenia The lungs of affected rabbits show also a hemorrhagic lesion, 
free from pneumonic consolidation, and the intratracheal inoculation 
of the microorgamsm may be followed by secondary pneumomas, if 
combined in action with other ordinary bacteria It is of interest to 
note that 60 per cent of the patients studied, in the 1927 epidemic in 
Belgrade, yielded agglutimns in their sera against this bacillus Sero- 
logical tests, furthermore, revealed that antipneumosintes serum 
agglutinated, and gave positive complement-fixing reactions with 
Bacillus granuUJorniis Pavlovic, however, maintains that the latter 
is distinct from Bacienum pneumostnies 

In addition, there are recorded by Garrod (21) and by Williams and 
her collaborators (22) the incompletely classified groups of anaerobic 
organisms also cultured from filtered nasopharyngeal secretions of man 
Garrod reports 2 types Type I, minute, anaerobic, filterable. Gram- 
negative coccus, producing imcroscopic, transparent colonies which 
are hemisphencal and have dear-cut margins Type 11, short, 
tenuous. Gram-negative baciUi, sometimes curved, producing micro- 
scopic, transparent colonies which are pleomorphic, some being flat, 
others slightly raised or conical, with either smooth or crenated edges. 

The next series of microorganisms to be described comprises groups 
of Gram-negative, anaerobic bacteria found in the nasopharynx of 
man, the filterability of which is unknown because reports of this 
characteristic are lackmg The bacteria are tabulated and briefly 
descnbed as follows 
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GROUPS OF GRAM-NEGATIVE, ANAEROBIC BACTERIA FOUND IN Tlin 
NASOPHARYNX OF MAN 

The first senes are those isolated by l.evinthal (23) They include 
9 different groups of ivhich 

Group I (Levinthal’s classification), Strcptrotbnx anaerolionhca, 
comprises thick, thrcad-hkc, also short and long baalli which grow as a 
diffuse doud in Smith-Noguchi medium, producing gas when dextrose 
IS added Colonies are raised, whitish and mucoid 

Group II Long, tenuous, thread-like organisms forming raised, 
whitish colonies which arc hemolytic 

Group ni Short, monomotpluc rods with polar bodies Colonics 
are grayish, large and transparent (These are called PaslettreUa 
anacrohioniica ) 

Group W Bacilli of marked pleomorphism, like Type III Pfeif- 
fer’s bacilh (Lcvintlial’s classification) Colonics are small, flat and 
colorless 

G roup V Coccobacilh resembling Type I Pfeiffer’s bacilli , showing 
a profuse grow th in Smith-Noguchi medium Colonics are flat, shiny 
and rcddish-gray 

Group VI Bacilloid, pneumosmtes-hke organisms produang 
dew drop colonies Serological tests show their distinction from 
Bacicnuin pncMiiostiiles 

Group VII lenuous, short and long bacilli, non-motile, which 
form small, whitish colonics having brow nish centers 

Group VIII Pleomorphic baalh, labile to Gram’s stain, non- 
motile, forming small, dear, colorless colonies 

Group DC (Streptococcus parvulus) Cocci in short chains which 
remain alive but do not grow in Smith-Nogudii medium and product 
minute, dear, colorless, flat colonics 

In addition there arc six groups isolated by ITiomson (24) 

Group I contains organisms regarded by Thomson as types of 
Bacterium piicumosintcs Ihey were isolated from a severe cast of 
Cngaiimt fci’er (influenza'’) They alter boiled blood agar to a cherry 
red color, and this is the distinctive difference between the organisms 
and Bacterium piicuii osiiites 

Group II Gas produang diplorocci which rcstmblt Staphylo- 
coccus parvulus 



396 


PETER K OLITSKY 


Group III. Non-gas-produdng diplococci, which do not grow 
in fluid medium, otherwise resembling Bacterium pneumosintes. 
These orgamsms were isolated from the sputum of an influenza patient. 

Group IV. Bacilli with marked pleomorphism which are hemo- 
lytic and form flat, round colonies with depressed centers 

Group V. Oval diplococci which do not grow in fluid media. They 
form grayish-white, somewhat transparent, soft and moist colonies 
Group VI Bacilli which do not grow well in fluid media, but form 
grayish-yellow, soft, moist colomes 
Under this classification may be included also the 4 groups of anae- 
robic cocci and 4 of bacilli isolated by Noble and Brainard f25) from 
nasopharyngeal secretions 

Coccus I ("Noble and Brainard's classification) Cocci labile to 
Gramms stain, forming delayed hemolytic zones and fermenting 
dextrose and levulose. These cocci were recovered only from cases of 
common cold (as were those of the next 3 groups) and resemble the 
ogransisms previously described by Hall (26). 

Coccus II. Cocci, Gram-positive, showing indifferent colonies on 
blood agar plates 

Coccus in Gas-producing, Gram-positive cocci which are non- 
hemolytic and ferment dextrose and levulose 

Coccus IV The organisms resemble those of Group III but differ 
from them by fermenting saccharose 
Bacillus II (Noble and Brainard’s classification) Gram-negative, 
slender rods, shghtly curved and actively motile, which form minute, 
delicate and translucent colonies. They were isolated from a healthy 
subject 

Bacillus III Gram-negative rods, shghtly curved with rounded 
ends, non-motile and forming coarsely granular colonies with scal- 
loped edges. They were cultured from a case of chronic rhinitis 
Bacillus IV Long, thread-like. Gram-negative rods, showing 
granules when stained, and forming indifferent colomes on blood agar 
plates They were recovered from a patient with acute rhimtis 

Group of Gram-positive Bacilh Pleomorphic cocco-baalh, non- 
hemolytic, which were isolated from a patient with common cold 
Finally, there may be added 2 organisms, the discovery of which 
has antedated the work of Dr. Gates and myself. They are . 
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Bacillus rlnmlts of Tunmcliff (27), a Gram-negative, anaerobic, 
curved or wavy, long rod, actively motile and growing in granular form 
m Smitli-Noguchi medium The colonies are small, round, and 
“dull” and later become brorni Tunmcliff believed that she could 
reproduce "rhinitis” in man by swabbing cultures mtranasally The 
source of this organism is the nasal mucus from patients suffering from 
acute corj'za 

The second is the Staphylococcus panmUis, a gas-producing coccus, 
first isolated m 1898 by Veillon and Zuber (28), and subsequently 
found m the mouths of man and animals by Lewkowicz (29), who 
named it Micrococcus gazogenes alcalesccns anacrobtus A type of this 
organism which is hemolj'tic but produces no gas in Smith-Noguchi 
medium has been described by Branham (30) Noble and Brainard 
(25) and otliers have found this coccus so frequently that it is generally 
regarded as part of the normal flora of the nasopharynx 

It IS an impossible task to make a complete list of anaerobic organ- 
isms, obtained mainly from filtered nasopharyngeal secretions because 
investigations are being earned on at tlie present time, notably by 
Long at the Johns Hopkins Hospital, and the results are consequently 
indefinite Yet the tabulation made above should suffice as a basis for 
further work until the future demonstrates the significance of each 
group of these bactena It may be said now that in upper respiratory 
infections, the organisms appear to increase in number, as is shown by 
our experiments and tliose of Branham (19) and Long (data not as yet 
published) In this connection it is desirable to report the results of 
ailtivation expenments made by Long and myself on naso-pharjmgeal 
secretions derived from patients with tlie upper respiratory infections 
prev aihng m epidemic form in 1928-1929 

RESULTS OF CULTURES IN THE 1928-1929 EPIDEMIC OF UPPER RESPIRA- 
TOR! INFECTIONS 

During this epidemic of an upper respiratory- mfcction-a disease 
whidi some have considered as obscure but not influenza (31)— wt 
have found d^iculty m selection of cases when Uic standard for com- 
parison was the characteristic picture of 1918-1920 patients Of the 
^cs taUtd to our attention, many were obvnousK non-mfiucnzal, as 

or cxnmp c, common cold*;, sinusitis, phar>ngitis, etc , but ec\ era! were 
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selected for study in which the symptoms were more characteristic of 
epidemic influenza There were in all 15 of this kind In 7 of the 15, 
the final diagnosis was uncertain in 4 cases, epidemic pneumonia in 2, 
and pharyngitis in the remainmg one In each of the 7 in which the 
diagnosis was not definitely influenza, leucopenia was absent the white 
blood cell counts varied from over 8,000 to 14,000 Special anaerobic 
cultures, as described above, of the filtered nasopharyngeal secretions 
revealed no growth in 2, and of the pneumosintes group of organisms, 
Groups I, la, II (Olitsky and Gates’ classification), and Staphylococcus 
pamulus in the others 

The remammg 8 patients showed normal or low white cell counts, m 
spite of febrile reactions and a symptom-complex which resembled 
that of epidemic influenza The disease, however, was mild. None of 
these patients developed secondary pneumonia, aU recovered promptly 
Anaerobic cultures of the filtered nasopharyngeal secretions showed 
the predonunant and prevaihng organism to be of the Group Ilia of 
pneumosintes-like bacteria Seven patients yielded this type The 
microorganisms next in frequency of occurrence and appearmg con- 
currently with Ilia bacteria, were those of Group I in 5 cases, II in 
4 cases, and la in 2 instances 

It is to be noted, therefore, that m certain epidemics of acute infec- 
tions of the upper respiratory tract, one of the group of pneumosintes- 
hke organisms may be the predommant and prevailing bacterium to be 
found in the filtered nasopharyngeal secretions 

Dr. Long and I were engaged in the cultivation experiments ]ust 
described during the period from October, 1928 to March, 1929 
Dochez, Shibley and Mills (32) investigated a type of acute infection 
of the upper respirator tract of man, usually designated by the term 
“Common Cold,” cases of which were occurring at about this time 
With the filtered washings derived from patients sufiering from this 
type of infection, Dochez and his coworkers could communicate to apes 
experimental common colds which resembled closely the human disease 
Furthermore, no such reactions were obtained with the secretions from 
healthy persons, free from upper respiratory infections. From the 
filtrates in all positive experiments, the investigators have been able to 
cultivate a Gram-negative anaerobe of Gjroup I of pneumosmtes-like 
organisms On the other hand, they have cultivated another type of 
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the “group” microorganisms from 6 of 8 filtrates denved from the 
nasopharyngeal secretions of healthy persons These results, to which 
reference mil he made again later, also indicate that one type may 
prevail in filtered secretions, and, as has already been shown (33), that 
certain “group” orgamsms may be found in health In general, 
the results of Dochez and his coworkers agree with the prior con- 
clusions of Dr McCartney and myself obtained from inoculation 
experiments m man (33) 

The bactenological observations recently reported by Falk and his 
conorkers (34) and based on cases of upper respiratory infections oc- 
cumng during the epidemic of 1928-1929 have revived interest in the 
etiological significance of green-produang streptococa The cocci 
have been previously implicated as the inatant of influenza by Mathers 
(35) in 1917, by Tunnicliff (36) in 1918, by Rosenow (37) m 1919, and 
by Thomson (38) in 1929, but as yet these prior investigations have 
not been generally accepted as pointing to a solution of the problem 
On the other hand, Falk believes that he has added evidence in support 
of the etiological r61o played by the streptococa The evidence con- 
sists mainly of the recovery of 2 groups of serologically dissimilar 
cocci~onc pleomorphic and the other monomorphic— obtained from 
influenza maternl, nluch produce patliogcnic effects m Ion cr monekys 
and in man, a spcafic to an, and specific agglutinin response against 
them on the part of recovered patients 

THE PRESENT STATE OF THE PROBLEM OF ETIOLOGY 

Altlioligh considerable effort has been expended on the study of the 
identification of the causal agent of epidemic influenza, the present 
tune finds the problem still unsolved There are several factors which 
contribute to the existing confusion, and the outstanding difficulty 
arises from the necessity of selecting cases of undoubted acute influ- 
enza There has been in the past frequent failure to rceognire influ- 
enza as a spcafic, pnmarj disease, and therefore to consider Uie x arious 
bacterial pneumonias tliat dcs clop in lungs injured by the influenzal 
agent as sccondar> infections 'Moreover, the pnmarj , uncomplicated 
disease is usualK mild and transitory, so that unless the incitant is 
sought in the carlj hours, it may become mosl cd, or even supplanted 
bj associated organimis rurthcrmorc, m mcw of the rapid and 
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extensive spread of influenza during pandemics, it becomes difficult to 
select for control observations, cases of perfectly bealtby individuals 
wbo bave never suffered from tbe disease FmaUy, to add to tbe con- 
fusion, a clear cbnical distinction bas not alvmys been made between 
primary, uncompbcated, epidemic influenza and many different types 
of upper respiratory mfections, sucb as common colds, acute rbimtis, 
acute broncbitis, and other indefimte conditions, wbicb may simulate 
a true influenzal attack. 

Hence there are three different agents for consideration and for 
future study of their precise relation to tbe cause of epidemic influenza 
(a) Pfeiffer’s bacillus, or other ordinary bacteria wbicb are normally 
inhabitants of tbe upper respiratory tract, (b) a true filterable or ultra- 
microscopic virus, and (c) Bactetium pnewnostntes or the group of 
pneumosintes-bke orgam'sms 

In tbe case of Pfeiffer’s bacillus, the opimon is widespread that it 
plays the role of a secondary invader for tbe reasons wbicb bave al- 
ready been mentioned. Yet there are still a number of investigators 
who bebeve that it is tbe sole exciting cause of primary influenza 
Tbe more or less ubiquitous occurrence of tbe baallus need not neces- 
sarily indicate that it is not tbe indtant of the disease, for some inves- 
tigators bold that from time to time its mvasiveness and virulence in- 
crease to the point at wbicb tbe organism becomes capable of induang 
epidemics (39) Furthermore, many types of the bacillus have been 
discovered (40) since tbe onginal work of Pfeiffer, whose investigations 
opened up for study the vast field of bemophibc bacteria It is 
thought by some that only a special type of Pfeiffer’s baciUus is in- 
volved in tbe causation and wide dissemination of influenza, and 
failure to realize this bas led to confusion in interpreting experimental 
results Others believe that symbiosis with other orgamsms, such as 
streptococci or the individuals of tbe aerobic flora of the oro-naso- 
pharynx, is necessary for tbe growth and increase in virulence of 
Pfeiffer’s baciUi (41). An important contribution to tbe subject of 
specific patbogeniaty of Pfeiffer’s bacilli was made by Blake and Ceal 
in 1920 (42) They employed a culture ultimately derived from a case 
of influenzal pneumonia, which had lost its virulence by prolonged arti- 
ficial cultivation Its virulence was restored by 1 1 successive passages 
in the mouse followed by 13 successive intraperitoneal passages in the 
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monkey Nasal inoculation of monkeys with the altered culture in- 
duced an infection nhich Blake and Ceal regarded as essentially iden- 
tical with influenza nith respect to its dimcal course, symptoms, and 
complications Later, intratracheal inoculations of 10 monkeys with 
this organism induced in 7 a hemorrhagic bronchopneumonia similar 
to the spontaneous pneumonia ascribed to the action of Pfeiffer’s 
bacilh The investigators infer, but do not definitely conclude, from 
the experimental results that the baallus is the cause of influenza 
But Jordan (39) explains the results by regarding the organism as a 
common sccondarj' invader, induang its characteristic effects whicli, 
in turn, obscure those of the primary matant Additional study is, 
however, necessary to show whether or not this, and the other beliefs 
mentioned are valid 

There arc still others who assert that should the mcitant of influenza 
prove eventually to be filterable, then Pfeiffer’s bacillus need not neccs- 
sanly be excluded from playing the r61e of causal agent, since it, also, is 
filterable Pfeiffer, Prausnitz, Happe, and Du)arric do la RiviSrc 
(43) have shown experimentally that either granules in association 
with the bacillus, or the microorganism itself, might traverse the walls 
of the more porous Bcrkefcld and Chamberland filters (Ll and L2) 
Recent studies hax e proved that a distinction should be made between 
organisms which ma> traxerse the more porous filters m numbers 
sufliaent onI> to inoailate the filtrate and those which reach the 
filtrate in almost undiminished concentration (Mudd (44)) For ex- 
ample, Bronfenbrenner and Muckenfuss have reported (43) that 
instead of representing a filterable stage in the life cj clc of the bactena 
whicli sometimes yield growths in filtrates, tlie secondary growtlis arc 
the results of imperfection of the filter itself, or of faulty tcdmiquc 
Gniinell (-16) has summarized his views on the subject as follows 
fhe reported filtration of sudi organisms as streptococa, 
baalli of the enteric group, diphtheroid bacilh and tubercle bacilh 
might be due rather to the passage of fragments of the bacteria in old 
cultures still capable of reproduction or to filtration in a particularlj 
favorable suspension fluid than to the existence of a filterable stage in 
the life cx cle of the org inism ” Hence in respect to its irregular filter- 
abililj , Picifftr's baallus apjveats to be no exception to the rule govern- 
ing ordinary bacteria In ilus connection tlie pncumosintcs-like 
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organisms are of a different order They are ordinarily obtained from 
filtrates of nasopharyngeal secretions which are, as shown by cultiva- 
tion tests, free from famihar bacteria, including, as a rule, Pfeiffer’s 
baalli Mudd (44) believes that minute size or motility, characteris- 
tic of many of the pneumonsintes-hke organisms, is one of the impor- 
tant factors in effecting filtration 

Considerable attention has recently been given to the etiological 
significance of- other ordinary bacteria of the aerobic flora normally 
inhabiting the upper respiratory tract Of particular interest is the 
green-producing streptococcus The fact that this organism ordinar- 
ily leads a saprophytic existence in the upper respiratory tract, that 
it is widespread in occurience without approved relationship to health 
or disease, and that it is so ubiquitous as to make its recovery even 
from the air a relatively simple matter (Ohtsky and Long (47, 48)), 
would indicate that its real significance as the inatant is questionable 
But here again the problem may eventually resolve itself, as in the case 
of Pfeiffer’s baciUus, in the imphcation of a particular, speafic, patho- 
genic type Since work on this subject is still in progress, judgment 
should be suspended until further proof is adduced 

With respect to the second class of possible mcitants of epidemic 
influenza, namely, filterable or ultramicroscopic viruses, as distinct 
from cultivable, filter-passing microorganisms, it may be said that 
practically all of the experiments (2-5, 49-54) dealt with the transfer 
of the infection from man to man or from man to monkeys by means of 
filtered secretions Although the transmission experiments in these 
instances were successful, cultivation tests either were not done or 
were made in a desultory manner so that it is not clear at the present 
time whether the particular experimental findings support the belief 
either of a filter-passing bacterium or of a true, non-cultivable, ultra- 
microscopic virus as the respective inatants It is therefore apparent 
that here again additional experimental evidence is necessary before a 
conclusion may be reached 

The third class of possible incitants of epidemic influenza comprise 
the pneumosintes type of filter-passing microorganisms Dr Gates 
and I still maintain our cautious attitude in respect to the precise 
relationship of these microorganisms to epidemic influenza Those 
who reahze the difliculties of the problem will support this viewpoint 



STUDIES ON BACTERIOLOGY OF EPIDEMIC INFLUENZA 403 


To be sure, it may be said in favor of Baclcrtum pneumosuites that it has 
been recovered thus far only from influenzal material Apart from our 

findings, the organism has been obtained by Loerve and Zeman (55), 
in New York, from the filtered nasopharyngeal secretions of influenzal 
patients, and has produced a characteristic clinical and pathological 
picture i%hen injected into e-cpenmcntal animals (56) Gordon (57), 
in London, also reported evidence of the same bacterium in 14 of 20 
influenza patients, and in 2 of 3 fatal cases Lister (58), in South 
Africa, obtained 5 cultures of an identical anaerobe in 11 patients 
Mithin 24 hours of the onset of epidemic influenza He reported 4 
febrile reactions, 1 fever and leucopenia, and 1 case of typical influenza 
among 12 volunteers sprayed iMth unheated cultures, and no reac- 
tions among 6 volunteers sprayed with heated cultures In addition, 
Nakajmia (59), m Tokio, cultivated 2 strains from pharyngeal secre- 
tions and 1 from the lungs of a fatal case of influenza In the same 
year, Seitz (60), in Zurich, observed masses of minute bodies in the 
respiratory exudates of influenza patients and grew them for a time in 
mixed sputum cultures Detueiler and Hodge (61) obtained 3 strains 
morphologically similar to Baclenum pneumostnlcs from filtered influ- 
enza material, 2 from lung filtrates and 1 from filtered nasopharyngeal 
secretions Subcultures failed to grow, so that identification was not 
completed The work of Thomson and the 3 strains which he has 
isolated from influenza cases have already been mentioned (24) In 
1926, Hall (62) cultivated a strain of pncumosintes from the lungs of 
an animal experimentally infected wath the secretions from a patient 
with typical epidemic influenza Branham (19) reported the isolation 
of 4 cultures of cither Group U or Baclenum pneumostnlcs from 3 
patients with influenza and from an apparently healthy subject 
Ihese failed to grow after the first to seventh subculture, so that dif- 
ferentiation could not be completed The cultivation experiments of 
Pavlovic hav e already been mentioned (20) Tinallv , in 1929, Donadci 
(63) recovered from the nasopharyngeal secrchons of a patient walh 
influenza a pncumosinlcs-likc organism which, before discernible culti- 
vation in Smith-Noguchi medium could be obtained, had to be pas--cd 
through the lungs of 5 succcssiv c rabbits 
In view of the uncertaintv in identif>ing the difltrenl baclcna of the 
pncumosintes group, the question arises v helhcr the microdrgaiiisras 
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reported by the investigators just mentioned have been definitely clas- 
sified This difficulty, and the discrepancy in the results of others who 
failed to cultivate any organisms of this tjrpe, show that the mode of 
procedure and the cultivation technique require further development 
and simplification ^ After a simpler procedure and a more satisfac- 
tory medium have been devised, the problem of the exact relation 
of the pneumosmtes organisms to the causal factor of epidemic influ- 
enza may be solved 

COMMON COLD AND EPIDEMIC INFLUENZA 

Before closing the subject, a brief consideration will be given to the 
relationship of common cold to epidemic influenza. 

There has developed an opinion among several investigators, exem- 
plified notably by Townsend (41), that an intimate correlation exists 
between the common cold and epidemic influenza “Although we 
speak of influenza and the common cold (epidemic coryzas or catarrh, 
which may be taken to mean one and the same thing) as separate 
entities, it seems to be impossible for investigators who study the 
epidemiology of both conditions to separate conclusively influenza' 
from the minor respiratory disorders, of which the common cold is a 
notorious example’’ (Townsend) 

On the other hand, as Jordan (39) points out, epidemics of colds are 
related to weather and seasonal conditions, while pandemics of influenza 
are not notably so Furthermore, the spread of colds is more limited 
in area. and the rate of dissemination is slower, the age-specific mortal- 
ity rates are difierent, the mortahty from pneumonia and from abor- 
tion IS specifically high in influenza Finally, recovery from common 

* In this connection it may be of interest to give the results of a recent experience 
Old Snuth-Noguchi cultures of influenzal matenal, taken m 1926, (15) and at that time 
set aside as negative, were recently (September, 1929) re-exammed A senes of tubes from 
a common source, namely, filtered lung tissue from a rabbit moculafed with influenzal 
secretions, showed typical, identified, and now actively growing B pneimoswtes In 
other words, the original cultures were too uncertain for identification, and furthermore, 
the pneumosmtes organisms therein survived without transplantation for a penod of at 
least 3 years Also, an additional strain, missed in 1923, and freed ultimately from 
contamination over a period of 5 years, is now in stock The 1923 report (14) should 
therefore read 5, instead of 4, pneumosmtes cultures isolated — the added culture bemg 
derived directly from the secretions of an influenza patient 
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colds does not leave a person resistant to a closely following attack of 
influenza (64) 

A sharp clinical distinction can also be drawn between cases of true 
epidcimc influenza and common colds It is not necessary to describe 
the symptom-complexes here, since this has already been done in a 
comprehensive w'ay by Jordan (39) and others Attention, however, 
may be focussed on the well-known, and measurable, sign in influenza, 
namely, the leucopema and cspeaally, in the early hours, the depres- 
sion in mononuclear cells (65) This condition is absent m common 
colds, in which the white blood cell count may be normal, or higher 
than normal with a tendency to an increase in polymorphonuclear 
celts 

While the dishnclion between the two affections as they occur during 
pandemics or epidemics is suffiaently marked to permit definite diag- 
noses, no such characteristic differences may be revealed between 
severe common cold and mild influenza dunng mtcr-pandcmic or intcr- 
epidcmic periods It is sucli cases which add to the difficulty of the 
problem, as has already boon pointed out "But to identify as influ- 
enza all the sporadic cases, localized epidemics, and weather-condi- 
tioned outbreaks of clinically similar disease in inter-pindcmic periods 
hardly seems justified” (Jordan (39)) 

A wide variety of different incitants has been implicated as causal 
agents of the common cold (39, 41) The reports of Kruse (66) and of 
Foster (67) are of interest, these investigators have been able to 
produce colds in man cxpcnmcntally witli the filtered nasal secretions 
obtained from patients having the disease in an acute form McCart- 
ney and I (33) have also obtained similar results in cxpenmentsinman 
and we have shown furthermore that while organisms of the pneumo- 
sintes group could be isolated from the spontaneous and the etpen- 
mental disease, no one type could be, as far as out limited experience 
has shown, implicated as the causative factor As mentioned carher 
m this paper, however, one type of these microdganisms could be 
found prevalent and ptcdoniinant in a group of patients studied at 
the same time The results of the recent work of Docher, Shibhv and 
Mills (32) on anthrojxiidb, already mentioned, are in accord with our 
findings on the transmissibihtj of common colds by filtered naso- 
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pharyngeal secretions and on the relation of the anaerobic, filter- 
passing flora to the natural and the experimental disease in man 
The inference which may therefore be drawn from the experiments 
with filtered secretions is that one type of upper respiratory infection, 
usually designated as common cold, may be caused by a filterable 
agent Whether the agent is a true ultramicroscopic virus, or one of 
the filter-passing bacteria, remains to be determined ® 

CONCLUSIONS 

One may conclude from what has been stated in the preceding para- 
graphs that the question of the precise agent causing epidemic influ- 
enza cannot be, at the present tune, definitely answered (68, 69) 

The confusion which now exists may be ascribed to a number of 
factors One obstacle to overcome is the difficulty of distinguishing 
between the primary, uncomphcated infection and the secondary 
pneumonias which develop m lungs previously injured by the true 
etiological agent, the lungs m such instances show the marked differ- 
ences m histopathology resulting from the invasion of a wide variety of 
microorgamsms It should be mentioned that the different bacteria 
of ordinary species found assoaated with influenzal pneumonias are 
those which several investigators have at one time or another re- 
garded as the primary cause of influenza As compiled by Jordan (39), 
they comprise the Bactllus pfetfferi, pneumococci, green-producing or 
hemolytic streptococci, staphylococci. Micrococcus catairhalis, mem- 
bers of the Pasteurella group, Friedlander’s baciUus, and finally, 
combinations of two or more organisms of the ordinary species (the so- 
called composite, or symbiotic infections) 

Another difficulty hes in the selection for study of a patient in the 
early hours of infection the disease is transitory, the acute stage 
enduring for only a few days. As a rule, the patient comes to the at- 
tention of the bacteriologist when secondary invasion by ordinary 
bacteria has set in, which complicates, and perhaps suppresses, the 

® The recent studies of van Loghem (van Loghem, J J , An epidemiological contn- 
bution to the knowledge of the respiratory diseases, J Hyg , 1928-1929, xxviii, 33) 
should be consulted for his h 3 ^othesis He regards common colds as non-contagious, 
commensal infections mduced by changes m air temperature, influenza, however, is 
contagious and follows its own epidemic course 
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pnmaty inatant Furthermore, epidemics occur explosively vith the 
result that many cases may be offered for examination at about the 
same lime and each cannot be studied m the most desirable way Still 
another hindrance arises from perplexity m selecting, dunng tvidely 
spreading epidemics, individuals for control observation, that is, those 
who have not been attacked by the disease Agam, m respect to the 
subject of filter-passing anaerobes of the human nasopharynx, lack of a 
more simple, uniform and exact techmque in collecUng and cultivating 
material, and the absence of a precise taxonomy, are troublesome 
factors Finally, experiments such as arc made upon laboratory 
animals, including the lower monkeys, are hedged by irapedunents 
Influenra is not known to occur naturally among them, hence the 
question arises n hen an experimental infection is induced as to whether 
It IS or IS not true influenza in the particular species involved Many 
of these animals when taken from stock suffer from snuffles f70), as is 
the case mth rabbits, or from this or obscure respiratory infections 
m the case of other animals 

On tlie other hand, a survey of the recent work done on the subject 
of the incitant of epidemic influenza shows that m spite of all the diffi- 
culties which have been mentioned, considerable progress has been 
made At the same time, the importance of influenza and related 
respiratory infections upon the communal well-being has been recog- 
nized with the result that the problem is receiving more attention by 
investigators than ever before 

The advances made in this field relate to sharper definitions in the 
clinical and pathological pictures of influenza and otlicr upper respira- 
tory infections and to the valuable epidemiological data of these af- 
fections rurthcrmorc, the large and important group of hemophilic 
bacteria, several members of winch arc definitely disease prodiiang, 
has been discovered, and the group of anaerobic filler-passing bacteria 
of tlic nasophary nx of man has been brought into light for examination 
for the first time In addition, ‘•cnous study vs hemg given not only 
to the significance of eacli of the anaerobic and aerobic bacteria com- 
prising the flora of the upper respiratory tract in influenza and related 
infections, but also to the problem of what constitutes the orthnary 
bacteria! inhabitants o! the naso-orojiharynx in health Fiually , with 
regard to the selection of an animal suitable for transmission expen- 
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ments, the recent work of Dochez and his colleagues has shown that the 
employment of anthropoids ofiers advantages which ordinary labora- 
tory animals do not possess. It is hoped, therefore, that investiga- 
tions in which apes are used as the animals of choice will make con- 
siderable progress toward the solution of the problem 
In the end, the expectation is that all obstacles will be eventually 
overcome and this in turn will lead to the goal of an exact knowledge of 
the etiological agent of epidemic influenza 
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I. HISTORICAL RESUICE OF PNEUMONOCONIOSIS 

Occidental civilization has passed slowly and tediously from a pre- 
dominantly pastoral and agricultural to a predominantly industrial 
ahgnment In the course of this transition many of our modes of 
living, much in our habits and in our methods of dress and much in 
our individual and collective point of view has changed Numerous 
physical strains and stresses have been lost and new ones have been 
acquired The general character of a good many diseases has changed 
in this shift toward industriahsm and new diseases have evolved 
Few of all these have been more devastating to health and life than 
those associated with the breathing of dust 

Our knowledge of the presence of pneumonocomosis in historic times 
is meager and will doubtless remain so But CoUis (34) has given an 
admirable, brief statement of that knowledge, from which we may de- 
duce the belief that the starting point of man’s progress was associated 
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With atlcastsomepneumonocomosis Hehasshown that (35) the flint- 
knappersof Brandon, “thehnealoccupationalreprcsentatives of this the 

oldest of industries, who still use tools similar in shape to the deer- 
horn picks of their prehistoric ancestors, suffer a terrible mortality 
from phthisis induced by flint dust generated in their work ” 

Altliough tlie significance of “industrial” diseases has been greatly 
augmented in the last three-quarters of a century, these diseases 
have been more or less recognized since the pre-Christian era In 
earlier times the extent to nliich the general population was affected 
by dust was limited, and the “dust> trades” concerned but fen ex- 
cept miners and stone masons, until the end of the eighteenth cen- 
tury Yet the menace ivas noted at least as early as 76 AD for 
in that year Pliny (157) nrotc that “Those employed in the works 
preparing vcrmilhon cover their faces with a bladder-skin, that 
they may not inhale the pernicious powder, yet they can see tlirough 
tlic skin ” 

It is perhaps not generally known that by the middle of the sl\- 
teenth century mining had become an important industry in several 
parts of the world and that in the year 1556 Agricol a (1) published 
(posthumously) an excellent treatise which covered many different 
aspects of mining, including the diseases and ills to whicli the miners 
are often heir In 1912 this work was translated into scholarly Eng- 
lish by' Herbert C and Lou Henry Hoover (93) ‘ Agricola pointed 
out the danger experienced by miners from dust whicli “pciietntcs 
into the wandpipc and lungs, and produces difficulty in breathing 
It cats away the lungs and implants consumption in the body, 
hence in the mines of the Carpathian Mountains women arc found who 
have married seven husbands, all of whom this terrible consumption 
has earned off to a premature death ” 

That “consumption,"’ so called, was a frequent concomitant of tlie 
pulmonary diseases common to workers in dust and often confused 

' This transhtion is bcvuiitall> done and is nchiy cmWhshcd with nsthi!, ejrp'ansfoT} 
f^tnolcs li IS bojnd in facsimile, the old wood cuts ate repuduetd and sllc^the- 
tlic translitioa mates up into a most altracuvc and valuable wutce boolt II ad to 
the laletrsi in the vo'un-e that the ttanslitota now live in Uie WTute J!ou«e 

’ Cmunie of len-iroioQ , of erro-s of dmpnosis, etc , is considered n n, 

Ulied “Kclatioa-hip lielwci-n rncuraonocoiuosls and Tubctmlos.' " 
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with the latter, is clear from the hterature, aside from the statement of 
Agricola just quoted, there is good collateral evidence that even at 
this time — the middle of the SLYteenth century — it was recogmzed 
that the inhalation of dust not only led directly to serious intrinsic 
disease but that it distinctly predisposed to consumption, which term, 
although obviously used loosely, must have meant tuberculosis in a 
large number of instances Paracelsus (1 52) in 1567 describ jed. con- 
sumg ton among nuners One hundred years after Agricola, Borelh 
(19) stated that the smoke from candles was a common cause of con- 
sumption in studious persons Ramazzmi (165) in 1705 described 
diseases of stone cutters by saying that workmen “oftentimes suck in, 
by Inspiration, the sharp, rough, and cornered small Splinters or Par- 
ticles which fly oS, so that they are usually troubled with Cough, 
and some of them turn Asthmatic and Consumptive ” The prev- 
alence of phthisis or consumption wms noted among quarrymen by 
Coschwitz (40) (1721), among stone cutters in 1727 by Wepler (226), 
among marble workers, needle grinders, etc , by Simmons (192), Des- 
genettes (47), and Johnstone (97) before 1800 

The dusty trades had increased sufficiently in number and impor- 
tance by the 3’’ear 1705 to cause Ramazzmi to write the first book on 
occupational diseases As industriahzation has increased there has 
developed quite a voluimnous hterature which concerns itself both^ 
with the diseases that foUow as a direct consequence of the inhaled 
dust and also with the infectious diseases commonly associated with 
the latter. 

One of the signs very commonly associated with pigmentation of 
the lungs, especially of workers in coal, is the discoloration of the spu- 
tum, known for a long time as black spU and thought to be a disease 
entity Black spit (as an entity) has called forth a great deal of writ- 
ing Thomas Wilhs (232) alluded several tunes to it He contended 
that it was of no great significance in itself but that it was frequently 
a forerunner of purulent sputum. This is an astute observation and 
may represent the fact that tuberculosis with its purulent sputum 
was at that time a common (though late) complication of pneumono- 
coniosis Morton (138) in 1689 thought it prognostic of consumption 
and in 1780 Portal (160) described three varieties: (1) that depending 
upon inhalation, (2) that secreted b)’- the brondiial glands and (3) 
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that denvcd from extravasated blood According to him it may be 
present for years in perfectly normal people 
The origin and sigmficance of pigmentation of the lungs was thus 
at one time a subject of much discussion and misunderstanding As 
just indicated its origin was attributed by some to a secretion, by others 
to deposition of blood pigment and by still others to inhalation The 
common belief that the black matter in the lung was secreted by the 
tracheobronchial lymph nodes was held by Morton and concurred in 
by many subsequent writers (Senac (188), Withers (235) and others) 
Bree (20) referred to it as the carbon of the blood jMorgagni (137) 
saw black lumps in the tracheobronchial nodes in 1 761 as also did Mas- 
cagni (125) a little later Henry (83) chemically examined fluid from 
a melanotic mass and found that it corresponded to the natural black 
pigments and not to carbon He apparently analyzed a mass of mela- 
notic tumor Becker (13) contended in 1826 that the chief function 
of respiration is to decarbonize the blood If the blood contains more 
carbon than the oxygen of the air can convert into carbon dioxide, the 
excess carbon may conceivably be precipitated into the lungs to form 
tlio black matter (see Thomson (206)) In 1808 Soemmering (196) 
stated that the inlialcd particles “from the burning of bad tallow or 
coarse oil” could reach the tracheobronchial nodes onlj through the 
air passages Pearson (154) in 1813 extracted a black ponder from 
the lungs and ttachcobronchial nodes of human beings and established 
Its idcntitj' in every case mtli that of charcoal The charcoal was 
deposited m an orderly arrangement which corresponded to the ar- 
rangement of the pulmonary hmphatics depicted m Cruikshank’s 
(46) drawings and caused him to state that pigment m Uie lungs is 
hid dov. n along the lymphatic x csscls He remarked, "as hath been 
repeatedly observed, the lungs generally become more dark coloured 
proportionately to their age,” and he advanced the idea that dust 
reaches the lungs with the inspired air and is transported h} lyn'plialia 
from the air spaces to the broncliial nodes ’ A very' feu years later 
Chomel (27) (1817) vvrolc that sputum streaked with black was 
commonly ob'erved m those who have been for long m an atmosphere 
“loadcil with the vapours of oil or of tallow ” It is interesting tint 

' 1"^'' thojfht wUr - llfljinph 

V fjtli collftlcd -ind thJl the trrrc ilauhUtvs tnlhia the t r ^Is. Sej VltlVr (I i’) 
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Laennec explained the 'presence of pigment in the lungs of adults, 
which is absent in children, on the basis that the oldei people sat up 
more at night and, in doing so, inhaled the fumes and smoke from 
lamps. He, however, indicated that definite diffeienccs existed be- 
tween melanosis which did not slam the sputum and which should be 
regarded as “cancel” and the black deposits of caibon m the lung 
In this Fawdington (53) concuired in 1826.'* 

The idea was picvalent at Peai son’s time and even a good deal 
latei tliat pulmonary discoloration was piesent and probably responsi- 
ble for several separate entities whicli fell into three main groups and 
were classified as (l) healthy black matter, (2) true melanosis and (3) 
spurious melanosis. But Craig (42) declared in 1834 tliat the inhala- 
tion of dust was responsible for all fonns of lung-black and that the 
different items in the classification of “melanosis” represented simply 
varying amounts of charcoal or caibon that had been breathed into the 
lung. Graham (68) wrote also in 1834 and, accepting Pearson’s 
work, suggested that inhaled caibon particles from miner’s lamps were 
the cause of the discoloration. He explained the freedom from symp- 
toms of the people with pigmented lungs on the basis of the smallness 
and therefore the nonirritating properties of the caibon particles. 

As the source of the pigment in discolored lungs became more 
clearly understood, new tcirns, descriptive of the type of dust wcie 
applied Thus the tenn aiiiliiacosis was suggested in 1838 by Strat- 
ton (198) to distinguish the condition of impregnation with extrane- 
ous dust from the more malignant melanosis, Zenker (238) described 
non pigment in the lungs and gave the condition the name stdcions 
He also suggested pneumonoconiosis as a generic term to include the 
condition resulting from the inhalation of dust of any sort Since 
that time such terms as silicosis (sand), liihosis (stonedust in general) 
chalicosis (copper), calcicosis (lime, marble) and ashesiosis among 
others have been coined for special use. ICuboin (109), who did a 
great deal of work among Belgian miners, declined to think of “an- 
thiacosis” with its black spit, etc , as a disease entity (Ciocq (43)) 

* In the present slate of knowledge, it seems a little surprising that the distinction 
between melanotic sarcoma and pneumonoconiosis should have even been the subject 
of great dispute and polemic as well ns one of considciablc misunderstanding Rut tliat 
it was a verj’ live issue one hundred years ago is clear from the literature. 
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AHhougli Pearson’s demonstration was sharp and dear, numerous 
continental writers persisted in presenting other sources of ongin for 
the pigmentation, and this in face of the fact that several observers, 
especially m Scottish coal mines, had adduced much observation and 
logic m support of the inhalation noUon Of the Scottish writers the 
clinical observations of Thomson (206) who wrote in 1836 stand out 
clearly He differentiated between the effects of inhalation of coal 
and other dusts and remarked that stone cutters employed in the col- 
lieries to cut the rock lying between the scams of coal died much 
earlier than the coal miners He stated “Four men died 

wiOi black spitting, all of them stone workers Three brothers and 
four sisters, of the same family, who have worked in the pit, but not 
at stone-work, are all well,” and “Twenty-two persons, all stone- 
workers, have died of the disease (black spit), while forty-one persons 
of the same families, who are accustomed to work in the pit (i e , 
mining coal), are in good health 

Pearson’s position was challenged by several leading pathologists, 
especially in Germany, who stoutly maintained that the inhalation 
concept did not represent the truth As has already been intimated, 
the belief was held earlier that the bronchial lymph nodes secrete a 
bluish-black substance which was responsible for tlieir discoloration 
and, in a way imperfectly understood, responsible also for the dis- 
coloration of the lungs Such a belief w as still maintained b> some 
In 1841 Ilasse doubted whether the pigment in the lung, granted to 
be carbon, was of eatraneous origin Virchow (216) a few’ years later 
held that the pigment was derived from haemoglobin The great 
anatomist, Ilcnle (82) (1841) on anatomical grounds rather opposed 
4he idea of inhalation of dust since it was difficult to sec how inhaled 
dust could be carried over into the lymphatics from the air spaces 
I wo men isolated particulate matter from lungs of miners in 1860 
Pcacoct (153) found in the ash of lungs of buhr stone cutters, insoluble 
parlielcs which he ihoughtwcre identicalwith the stone oni Inch thev 


Tins h 1 qi o,ation from a letter tent to Tlioni<on b> a fellow physiaaT at v neiqh 
borns mir-e Quite a Rroup of SoJlush pliystcnnv lalwttt! to put actosi the iJca of dust 
in I'hliiin ai tbe eourcc of pirmcat find dj'cavc) n the tunqs \mons tliepi were 
Thr evon (20M Cn« («), Graham (f.S), Stratton (19S), Marsh 11 (IH), H„n lUon (7S), 
Ab.i 1 (S), Urseell (25). Gregory (73) 
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had been working Traube (210) at the same time had recovered 
isolated particles of carbon from a coal miner’s black lung After this 
Virchow (217) finally admitted (1866) the possibility both that dust 
might be inhaled and might cause discoloration of the lung In the 
same year Koschlakoff (108) had contended that, because he could 
find little or no pigment in the alveoli and their walls when it was 
constantly present in the walls of the larger bronchi, the pigment was 
formed from within and therefore from the fiood According to 
Arnold, Pokatilow (158) in 1870 injected or poured blood into the 
trachea of experimental ammals which he then allowed to live for 
various lengths of tune He found, in addition to the yeUow blood 
pigments, numerous small black specks scattered widely throughout 
the organ and contended that these latter were of endogenous origin. 
According to Zenker, Seltmann (187) was among the first Germans to 
write his own experience as physician to miners In 1863 he was 
convinced of the correctness of the ‘'inhalation theory.” Rindfleisch 
(177) described a piece of charcoal in the lung which had retained the 
normal arrangement of the pores of the wood 
But even the Virchow admission did not settle the question for all 
time, for it was again raised in 1905 when Vansteenberghe and Gry- 
sez (213) sought to support Calmette’s contention Calmette and 
Guerin (23), in stud 5 ang tuberculous infection, had maintained that 
the digestive tract is the portal of entry for the tubercle bacillus which 
produces pulmonary tuberculosis To show that this circuitous route 
is the normal one for foreign matter in the lung, Vansteenberghe and 
Grysez fed various dusts to animals and in this manner claimed to 
have produced lung-pigmentation They noted the significant fact 
that the age of the animal (guinea pig) is important m the pigmenta- 
tion of pulmonary tissue In their experiments they found the lungs 
of adult ammals pigmented and those of young animals free from pig- 
ment and concluded that pigment enters the body by way of the diges- 
tive tract, in yoimg guinea pigs this pigment is prevented from reach- 
ing the lungs by the relatively rnipemous mesenteric nodes, whereas, 
in old pigs, the foreign matter is not so held up for the reason that the 
mesenteric nodes become permeable with age They brought forth 
this idea as an hypothesis, without presenting sufficient evidence to 
support it. It has been clearly shown (Wdlis (231)) (1) that pigment 
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slowly and gradually accumulates m the lungs of practically all guinea 
pigs which are kept in a laboratory for as long as a year, (2) that no 
pigment is found in the lungs of young guinea pigs, and (3) that in 
these circumstances pigment shows no tendency to accumulate in the 
mesenteric nodes in either young or old guinea pigs The obvious ex- 
planation of these observations is that the longer the animals (and 
man) live, the more often the opportunity occurs for them to breathe 
particulate matter into the lungs, where most of it remains As more 
particles are thus brought to the lungs, the concentration ultimately 
becomes sufficient to produce a gross pigmentation of the organs In 
this connection it is interesting that Lehmann (114) noted that much 
inhaled dust adheres to the mucous membranes of the nose and throat 
and IS eventually swallowed He estimated that 90 per cent of in- 
haled dust IS retained and that of all dust taken into the body, 60 per 
cent IS swallowed The work of Oliver (146) written from extensive 
clinical and laboratory expcnence, that of Montgomery (136), and of 
Findlay (56), each of whom did exhaustive pigmcnt-fceding expen- 
ments, seems definitely to establish the air route as the prevailing por- 
tal of entry for the dust that produces pulmonary pigmentation 
Mace (122) produced additional evidence on this point when he in- 
jected talc intrapentoneally into guinea pigs and at intenmls up to 
four weeks autopsicd the animals, mashed and completely burned the 
lungs m a porcelain crucible, and treated the residue vvatli hj drodilonc 
acid No talc was found 

The question of the effect of pncumonocomosis upon tuberculosis 
and of the relationship between the two diseases is an engaging one, 
tlie literature upon which roughlv shapes itself into three groups 
The writers of the first and by far the largest group claim that the 
diangcs set up in the lungs bv inhaled dust definitely prcdisjxise to 
pulmonary tuberculosis This is obvious from what already has been 
said above In the sixteenth and seventeenth centuries man\ men 
notcii the prevalence of consumption among quarrymen, miners, 
marble and plaster workers, grinders, stone-cutters, needle-factory 
employees, and other workers Thackrah (202) in 1831 reported 
finding many young widows m the mining population and presumed 
that the premature death of their husbands had come about from 
the nature of their occupation More recent hlcraturc abounds in 
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expression of a similar point of view. CoUis (34), Oliver (146), Lanza 
and Childs (113) Watt, Irvine, Johnson and Steuart (225) Middleton 
(128), Drury (50), and many others have, from clinical, pathological, 
and statistical observation, reported that silicosis definitely renders 
one liable to develop tuberculosis and Just as definitely hastens the 
process toward a fatal issue, once it is developed Experimentally, 
this contention has been repeatedly supported An analysis of the 
validity of data on which many such claims are based is presented 
in the section on the Relationship between Tuberculosis and Pneu- 
monocomosis 

Another group of authors purports to show that miners’ phthisis, as 
such, is not wholly responsible for the high mortality from tuberculosis 
among workers in dust and that there are numerous contributory and 
collateral factors which ought to be considered as being of importance 
Some of these writers held that general and personal hygiene was of 
great sigmficance For instance in 1831 Benoiston de Chateauneuf 
(Idl-was emphatic in pointing to postures which embarrassed pulmo- 
nary expansion and to the inhalation of impure air (aside from the dust) 
as such factors In the same decade Lombard (117) pointed to a lack 
of proper food, clothing and shelter as contributory to ill health of 
miners 

Certam other of these writers thought bacterial contamination of 
the dust was important As early as 1705 Ramazzini (165) postulated 
some “unperceivable” element associated with dust as the cause of 
S 3 nnptoms of workers This author may be quoted as follows ''When 
I consider how strange it is, that so pernicious a Powder should flow 
from such a bemgn Grain as Wheat, I am tempted to suspect that this 
Powder has Worms in it unperceivable to the Senses, and that these 
Worms being put into Motion, and Dispersed through the Air 
give rise to a multitude of symptoms Rambousek (166) held that a 
great danger from dust articles lay m their capacity to carry germs 
with them when inhaled and remarked that “where no dust is there 
are no bacteria in the air ” Within the year, Augustine (7) has in- 
jected into guinea pigs the washings of the air of the sick room of people 
with tuberculosis, — with equivocal results (one ammal out of fifty 
used in twenty-four experiments developed tuberculosis) She in- 
jected washings contaimng dust from the walls, floor, rugs and fumi- 
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ture etc from the sick room (as did Comet (39) years ago) and pro- 
duced tuberculosis m one-fouith of the animals Tins, hov. e\ cr, does 
not prove that the bacilli were actually carried along by the dust, al- 
though such might easily be possible Landis (1 10) thought that dust 
particles might act as vehicles for carrying tubercle bacilli into the 
body and believed that the general hygienic and economic surround- 
ings of workers m dust ate matters of more importance in producing 
pulmonary disease than is the inhalation of dust per sc In the opin- 
ion of Watkins-Pitchford (221) tubercle bacilli may be found in a 
very high percentage of silicotics in the late stages of the disease when 
necrosis is present but there is often slight or no histological evidence of 
tuberculous tissue the bacilli encountered under these circumstances 
arc to be regarded as saprophytes But he n as convinced that liisto- 
pathological evidence of tuberculosis points to a tuberculous complica- 
tion of the silicosis, for the silicotic lung in all stages is more liable than 
the normal to tuberculous infection This author believed, howcv er, 
that the general unsanitarj conditions in the mines account for a great 
deal of tuberculosis among the workers Upon cvamining 250 speci- 
mens of sputum taken at random from the floor of the mines he (222) 
found th It 15 2 per cent contained tubercle bacilli, irliilc only 2 5 per 
cent of 120 specimens from the surface where workers were employed 
outside the mines contained bacilli Lanza and Childs (113) found a 
great deal of tuberculosis in the verj unhjgicnic surroundings of the 
homes of the zine miners thej investigated 
A tliird group of authors attempts to show that certain dusts (mostlj 
CO vl) actually act as a preventive against the development of pulmo- 
narj tuberculosis As earlj asl763 Clapicr(29)rcportcd having cured 
a patient of consumption by causing him to live in a coal mine Coal 
dust has been administered therapeuticallv bj inhalation in tubercu- 
losis (Klolz (103)) Beddocs (15) reported the fact (1796) that an in- 
halation apparatus had been devised but that “whether it will be use- 
ful to coat the pulmonaiy ulcers with fine charcoal remains 

to be tned ” Vernois (214) noted an cxccptionalK low death rate 
from tuberculosis among coal dealers Ilirt (87) etplamcd his obscr 

valion of but but. f.,t„ rr*rilrtcic »ti 

in 
of 


Die highest degree probable that coal dust possesses Ihe pronertv 
Inndcrmg thedev eloimicniof tuberculosis and of arresting the prog- 
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ress ” It has been reported (GoMmann (67a), Purdy (163)) that the 
death rate from tuberculosis was actually lower in coal miners than in 
their families Shufflebotham (19) has also commented on the relative 
rarity of tuberculosis in coal miners and has cited the following mor- 
tality rates for England and Wales for all occupied males, 175, 
for coal miners only 85 To this there is an occasional dissenting 
voice For instance, Crozier (45) reported that the death rate for 
tuberculosis in the coal miners of Saint Etienne is nearly double that 
for Hie entire district He stated that pathologically among these 
workmen dust is most concentrated at situations in the lungs where 
tuberculosis is located, and that coal dust seems to be an important 
factor in the development of this infection, which, however, is more 
fibroid and chrome than that in nonpigmented lungs 
No historical consideration of this subject would be in any way com- 
plete without an account of the efforts at prevention that have been 
made Although this question is presented m the section on prophy- 
laxis, comment should be made at least upon the efficient manner in 
which this issue has been managed m the mines of South Africa In 
1902 a commission was appomted by the British Government to in- 
vestigate conditions m that country, especially in respect to “miners’ 
phthisis ” It determined that “the disease falls most heavily on rock- 
drill miners, ’’who died at the average age of 35, that the incidence of 
the disease was greater in ^'dry” mines, that climcally there were to be 
found (1) a pure, nontuberculous tjqie of phthisis, (2) a mixed fibroid 
type, (3) a tuberculous type and (4) a very chrome type with fibrous 
changes in the lungs and evidences of cardiac and renal disease A 
second commission, appointed in 1907, emphasized the desirabihty of 
ventilation and the analysis of mine-air, and formulated standards of 
air-purity In 1911 The Miners’ Phthisis Prevention Commission 
was orgamzed and in 1912 The Miners’ Phthisis Prevention Com- 
mittee appointed This latter group made a very thoroughgoing 
study of almost every aspect of the diseases of the miners (169) (clini- 
cal, roentgenological, pathological, bacteriological and statistical), 
studied carefully the nature of the dusts and fumes and their produc- 
tion, looked into the ventilation in the mines, investigated the hygiene 
and sanitation both within the mines and outside them, and laid the 
foundation for the widespread improvement in conditions that has 
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been so very striking m that region Since the appearance of the 
General Report of this Committee m 1916 (66), which led to the for- 
mation of the Miners’ Phthisis iledical Bureau, the health of those 
emploj ed m this region is in a vastly improved state It is a revela- 
tion to look through the senes of annual reports of this Bureau and 
see what Watkins-Pitchford and his closely-knit body of assoaates 
ha\ e accomphshed and what is still being done under the directorship 
of his successor, Imne Hertslet (84) recently ga\ e an evcellent de- 
scription of the general h> gienic and medical care of the native work- 
men in the mines there 

Rice (85) has reviewed silicosis historically and has alluded particu- 
larly to the progress made m the several mining countnes He empha- 
sized cspcaaH3 the fact that with the introduction of machine driUing, 
a marked rise in the incidence of “miner’s phthisis” followed and tins 
in every country into which this tool was brought Ho likewise noted 
a material improv cment where ventilation and evhaust systems w ere 
in operation In the United States the Bureau of Mines, the Public 
Healtli Service, and the Department of Labor have each done a great 
deal to study and remedj’ the situation 

n TVPES OF DUST 

IValurc of dusts 

Some dusts are injurious when inhaled, others may be inhaled for 
years witli apparent irapunitv It is ob\ lous that the type of dust has 
much to do both witli Uie seriousness of its intrinsic hazard and with 
Its influence on pulmonar) tuberculosis It is generally conceded that 
of tlie organic dusts, none everts a baneful influence with respect to 
pncumonoconiosis or tuberculosis, of the inorganic dusts, most .ire at 
least potcnliallj dangerous 

1 Organic dusts Organic dusts, that is, those of anim il or vege- 
table origin, when inhaled sometimes cause fever, constitutional dis- 
ease or protein intoxication, but thej do not cause piieumonoconiosis, 
although as f ir bad ns 1672 dc Diemcrbroeck (i8) rcjxirted pigmenta 
tion of the lungs in heav > tobacco smokers It was noted m 1799 by 
Bcitdoes (14) that millers and others v orking in organic dusts arc not 
Urcdisposerl to tuberculosis Data presented bv llirt fS7) (1871) 
shov ed that of all due wes among vvorktrs in the flav end hemp indus- 



Organic dust Dryness of nose, throat and mouth, Bakers, beamers (textiles), blowers (felt hats), broom makers 
cough, anaphylaxis, asthma, bron- brushers (felt hats), brush makers, buffers, button makers, car- 
chitis, emphysema, tuberculosis bonizers (shoddy), carders (textiles), card grinders (textiles) 
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ers, straw-hht makers, taxidermists, textile workers, tobacco 
rollers, tobacco workers, upholsterers, weavers, weighers, wood- 
last scourers (shoes), wood workers, wool carders, wool spinners, 
wool workers 
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tries only 2 3 per cent \\ere pulmonary in nature Pmcherle (156) 
reported a high incidence of asthma and catarrhal changes among 
noodnorkers— but no pneumonocomosis, as also did Schilling (184) 
among cotton mill cmplojces A high mortality from tuberculosis 
among workers in the tobacco factories in districts near Mannheim 
has been attributed to the dusty employment An investigation of 
the situation by von Muller and Berghaus (139) revealed the facts 
that (1) the factories were horribly unhygiemc, (2) the workers W'ere 
usually not robust on beginning work (stronger ones working else- 
w'hcre for better wages) and (3) tuberculous infection in the homes w as 
an important factor in the epidemiology of tuberculosis of the district 
According to Ihorell (207), tobacco workers in Scandinavia arc not 
unduly prone to pulmonary tuberculosis 
Organic dusts derived from the handling of gram arc sharp, spiny, 
and rough, and lead to cough, sneezing, discomfort, etc (McNair and 
Middleton (121)), but these authors made no mention of pneumono- 
coniosis On the contrary, Albaugh (2) has very recently declared that 
wood dust predisposes to tuberculosis and that tlie dust particles may 
carry germs A case of so called tobacco pneumonocomosis was 
reported in 1921 by Pahtzsch (148) The disease was a verj^ chronic, 
protracted pulmonary’ affection which was finally proved to be nonlu- 
berculous Landis (110) in 1919 and more emphatically in 1925 (1 12) 
jxiinted out thefact that there is no evidence w hatsoever — neither chm- 
cal, roentgenological nor pathological — that organic dusts can cause 
pneumonocomosis He based his conclusion in part upon an analysis 
of fifty autopsies of workers in organic dusts, not one of whicli had 
pneumonocomosis He did not conclude that sucli dusts might not 
carry tubercle bacilli or might not predispose to tuberculosis for there 
IS a suggestion that the latter may be true, but he v as insistent that 
organic dusts do not produce pneumonocomosis and in tint manner 
open up the wav for tlic subsequent development of tuberculosis 
Gadc (59) likewise commented on this char'ictcristic of organic dusts 
Icry recently Middklon (129) has described under the caption of 
weaver’s cough,” an aiTection of a certain class of weavers of cotton 
cloth m Lngland v.hich is diaractcrizcd by dvspnca, troublesome 
cough, shghi exiicctoration, vomiting, sore throat, and fatigue Tlic 
disease had appeareal scyeral times m outbreals, the one dt'tnhcd 
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involving 245 persons In his judgment it may have been caused by 
an unidentified mold which was frequently found in the warp It is 
worth notice in this connection that in 1848 Tersancky (201) described 
a disease among workers in factories where mushrooms were rendered 
into punk or other pyrotechnical sponge The disease manifested 
itself by irritative cough, pleurisy, blood-streaked sputum, epistaxis, 
fever, malaise and excoriations of the skin He attributed it to a 
growth of dried mold on the fungus 

In recounting occupational hazards Dublin and Leibofi (51) in a 
publication of the Umted States Bureau of Labor Statistics have sub- 
mitted a list (as given in table 1) of the occupations in which organic 
dust is encountered 

2 Inorgantc dusts Inorgamc dusts are so commonly the offenders 
in the production of disease and organic dusts so uncommonly so 
that the term ^dusfi"' has come to imply the former, in special circum- 
stances where organic dust is involved it is so specified, therefore we 
have “dust” and “orgamc dust ” Inorgamc dusts differ radically in 
character. The following properties are said to determine the de- 
gree of harm they may produce 

a Physical properties 

1 The "hardness” or "softness” of the particles 

2 Their size and 

3 Their shape 

b Chemical properties 

1 The chemical power of the particles as irritants 

2 Their property of absorbmg orgamc substances 

3 Their solubihty and 

4 Their chemical reaction 

a Physical froperhes With respect to the question of the “hard- 
ness” of dusts, Ohver (146) has stated that it is wholly the physical 
character of the dust that is important Soft coal dust, he held, is 
much less harmful than hard coal dust, and that of hard coal much 
less harmful than that of rock, while dusts from silica and from siliceous 
material are quite injurious He cited in this connection the work 
of Claisse and Jou6 (28) who exposed animals to smoke from burning 
turpentine for long periods and produced an extensive though delicate 
pigmentation of the lung, but the discoloration, even though extensive, 
was apparently quite harmless to the animals Mavrogordato (126) 
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compared the effects of the inhalation of coal, shale, “flue” dust, pro* 
apitated silica, quartz, and flint dusts, and found the most damaging 
results to ensue from the harder dusts Landis (110) remarked that 
the seventy of lung lesions varies “m accordance with the hardness, 
sharpness, and chemical composition” of the dust and that silicotic 
dusts may produce “serious damage to the lungs ” 

Ihc researches of Watkins-Pitchford and Moir (224) have also 
throw n much light on the physical character of dusts Upon studying 
silicotic lungs (from gold miners of South Afnca) they found that by 
far the largest numbers of particles of foreign matter in pigmented 
lungs are smaller than one micron in lengtli, that the mean measure- 
ment of 100 particles taken consecutively and drawn to scale was 6 13 
by 2 18 microns, that no particle was longer than 13 microns, and 
that the prawlingforin of Ihc parhclcs tn such lungs vi general is narrow 
and elongated with one or both ends sharp and pointed They felt that 
phagocytes show a selective action for small and elongated forms 
A polariscope was used in their work Katz (99) has stated that 
particles smaller than one micron are less harmful than those a little 
larger, since they either lodge less readily or are more readily removed 
than particles which arc about one micron 
It has been supposed that the sharp, angular particles lead to me- 
chanical imtation by laceration and that such dusts could penetrate 
or be dnven through the epithelium (Ogle (144), Bandolier and 
Roepke (10), Rindflcisch (177), Iraube (210), Watkins-Pitchford 
(221), General report (66)) Asbestos fibres are neither sharp nor 
angular yet they get through the cpithchum and incite reaction as 
Oliver (147), Wood (236) and others have recently shown 
b Chemical properties Concerning the irritating properties of 
dusts, Mavrogordato (126) believed that the dusts which irritate the 
mucosa promptly upon introduction into the lung are the very dusts 
wluch do the least permanent in;ury His feeling was tint there is 
an immediate reaction to irritating dusts on the part of the respiratory 
epithdium, marked by an engulfing of the foreign elements by the 
cpithcli-’l cells, and tint this is followed by a desquannlion, these 
shed "dust cells” form a bolus to which with mucus, othc' cells, dust 
particles and dChris '•ttach, these “plugs" are then spat up and in 
this wav much of the foreign matter is removed before it cv er actually 
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reaches the lung parenchyma The rate of elimination, he felt, is as 
important as the rate of intake He suggested that silica is not neces- 
sarily a dangerous dust, especially if it be inhaled along with coal dust 
which attracts phagocytes to the alveoli and facilitates rapid elimina- 
tion 

Haldane (76) agreed that the baneful influence of dusts in the lung 
is determined largely by whether the particles are removed from the 
organ or are retained in it, and, in seeking an explanation of this fact, 
suggested that it is those dusts which readily absorb other substances 
(water, tissue juices, etc ) that are most promptly removed from the 
lungs Carbon, shale, and other hke dusts possess this property to a 
marked degree, and he advanced the idea that these particles become 
increasingly attractive for phagocytes as they continue to absorb 
more substances, whereas, the more crystalline, nonabsorptive par- 
ticles — flint, quartz, silica, etc — are, in their nakedness, less attrac- 
tive to the dust-carrying cells Yet, as Gardner (63) pointed out, 
granite dust which contains “juicy absorbent particles’' is associated 
with an unusually high mortahty rate on the part of those breathing 
it This idea presupposes that the inert dust particles reach areas 
where absorption of tissue juices is possible before phagocytes act 
upon them 

On the other hand, many believe that certain dusts, instead of ab- 
sorbing body fluids, are dissolved by these. In his Milroy Lectures 
in 1915 CoUis (34) called attention to the possible sigmficance of the 
acidity of dusts CoUis may be quoted on this point 

Silica dust then possesses certain qualities (1) physical, (a) such small- 
ness as permits the particles to be earned into the alveoli, and (b) such 
hardness and angularity as suggest that the particles can act as centers of 
irritation, and (2) chemical, (a) acidity which, owing to the presence of 
the element silicon, may render the particles capable of entering into and 
modifying the colloidal structure of protoplasm, and (b) smell, possibly due 
to a vapor, as yet undetermined, given off when silica is fractured Only 
further investigation can determine which it is that leads the pulmonary 
connective tissue to proliferate, and whether the undoubted predisposition 
to pulmonary tuberculosis caused by inhaling silica dust is due to this 
proliferation 
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Ihe chemical aspect of this question has received a great deal of at- 
.ention in the last few years by Gye and Purdy (75) Gye and Kettle 
(74), Kettle (101) and others Gye and Kettle claimed to have 
demonstrated that silica is dissolved and absorbed after its entrance 
into the body, the soluble form then poisomng the body If soluble 
silica, colloidal sihcic acid, or insoluble silica be injected subcutane- 
ously into animals, there develops an area of necrosis, surrounded by 
granulations and fibrous tissue which eventually replaces the necrosis 
and the entire area becomes a scar The injection of carbon, iron, 
etc , leads to no sudi results, but mine dust arouses a similar response 
as also docs insoluble silica oxide when enclosed in a celloidin sac and 
placed beneath the skin 

What of the influence of the absorption of this product upon tu- 
berculosis? When silica and tubercle bacilli arc injected together the 
bacilli arc protected (apparently) by the coagulum and multiply 
rapidly If animals be given “silica abscess” in one grom and some 
other irritativ e abscess such as that caused by turpentine, for instance, 
in the other and then if the ammals be inoculated intravenously 
with tubercle bacilli, many more of the latter will be focalized in the 
silica than in the other abscess These authors concluded tint the 
silicotic lung tends to become tuberculous not because it is fibrotic 
nor because of any mechanical interference with flow of lymph, but 
because of the presence of the toxic silica 
Admitting that colloidal silica may damage tissue, Hellcrnan and 
Green (81) raised the question whether, if sdica is a “protoplasmic 
poison,” tubercle bacilli thnvc in areas made necrotic by this sub- 
stance Silica exists in all xegctablc foods and in the connective 
tissue of animals and man and ccrtainlx docs not poison tliese tissues 
Thej suggested Uiat the action of colloidal silica solution on animal 
tissues IS an adsorptne and coagulant one in vhidi it acts not as a 
poison but as a colloid, absorbing body fluids, produang coagulation, 
egglutiintion, etc , because it is a colloid of great surface energj 
Much of the dustwe breathe is ultramicroscopic(IItfIcman and Green 
(SI)) and IS near molecular size, where surface tension, surface cnergv 
and electric change arc of much more importance than hardness, 
sh vrpness, and other plu sical jiroperties 

llie Idea Ins also been adeanced (Maxrogordato (127)) that once 
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silica, is taken into tlie cell it preserves the latter just as water glass 
(silica) preserves eggs and that these ceUs tend to agglutinate and form 
pseudotuberdes 

There remain yet numerous unsolved problems as to the mechanism 
of damage from the inhalation of dusts More careful work is needed 
for the elucidation of these questions 

The roll call of the trades which involve the inhalation of inorgamc 
dust— a good number associated with a high incidence of tuberculosis 
— IS a long one and has been given by Dublin and Leiboff (51) as shown 
in table 2 

3 Arhficial ahrastve dusts Within the last few decades numerous 
artificial abrasives have been introduced into industry These have 
silica in them but nearly all of it is in combination They are exceed- 
ingly hard, and the wheels will outwear ten or even fifteen sand stones 
of equal size The result is that the damage which such dusts inflict 
upon the lungs is relatively slight Clark (30) (31) has reported upon 
the state of health of employees with an average of over 17 years’ 
service in a manufactory of composition wheels, in the making of 
which sihcon carbide and aluminum oxide are used He found that 
all were healthy and that there was no unduly high incidence of pul- 
monary disease among them He went so far as to state that men 
with arrested tuberculosis may work with impunity in these artificial 
abrasive dusts which are made chiefly from silicon carbide The rela- 
tive harmlessness of combined silica stands out dearly in some ex- 
perimental work which I did with this dust (229) In these experi- 
ments guinea pigs were e:^osed to the inhalation of sihcon carbide 
for more than three years and, at autopsy, very shght anatomical 
change occurred, and this exposure in no way modified the course of 
tuberculosis subsequently induced in the ammals More can be said 
concermng these dusts, however, after they have been in use a longer 
time, 

4 Toxic dusts There is also a group of what might be called toxic 
dusts such as lead, arsemc, etc , which produce a constitutional effect 
on the body after they are absorbed following inhalation These 
dusts, although important from the standpoint of industrial medicine 
and public health, have little or nothing to do with the subject m 
hand for they neither cause pneumonoconiosis nor predispose to tu- 
berculosis 
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m PATHOLOGY 

It is patent that numerous inorgamc dusts such, as lime, cement and 
coal do but little harm to those who breathe them. In discussmg the 
patholog}^ of pneumonocomosis, therefore, we will describe the con- 
dition brought about by the more harmful dusts, the most conspicuous 
of which is sihca But, as already stated, sihca dust, to lead to pul- 
monary damage, must be of a certain sort It must hefiee, vncom- 
bined, crystalline stlica Combined sdica does but little if any harm 
Irrespective of whether the physical and chemical characteristics of 
dust determine its capacity as a haaard to human health, the fact re- 
mains that sihca exerts by far the most harmful results The con- 
sideration will be largely concerned with sihcosis since (1) it is by far 
the most important type of pneumonocomosis with which we must 
deal and (2) the pathological reactions associated with it are typical of 
those set up by any of the dangerous dusts The terms pneumono- 
comosis and silicosis will be used interchangeably 

Human pathology 

1 Natural defenses against tnJialahon of dust It has been recog- 
nized that the upper respiratory tract possesses a very facile and, for 
ordinary purposes, an adequate mechanism for protecting itself and 
the lungs from inhaled dust This portion of the system, especially 
the nose and nasopharynx, with its tortuous passages and its moist, 
hairy walls, is admirably constructed to arrest dust particles This 
it does very satisfactorily as long as the air is not heavily laden with 
them It acts efficiently until the surfaces become covered with dust, 
after which the former collect but little (HiU (86)) The moist mu- 
cous membrane of the nasopharynx, posterior phaiyngeal wall and 
throat tend still further to filter out such particles as get by the more 
exterior barriers The lining membrane of the trachea and bronchi 
is equipped with innumerable cilia which sweep the vast majority of 
dust particles that adhere to it back and up to the lar3'nx whence the}^ 
may be raised and spat out and only those particles which p^s this 
series of formidable barriers are allowed to reach the alveoli The 
clinical importance of nasal defects in predisposing to pneumonocomo- 
sis is frequently lost sight of This was first commented upon by 
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Saenger (183) But Ramazzini (165) in 1705, thinking that small 
stones might possibly grow into great stones, advised that “all pos- 
sible Caution must be used, to avoid the sucking in of these minute 
Particles at the Mouth ” Rivers (179) has stated that the rare cases 
of clinical anthracosis are “in colliers with wide, atrophic noses ” 
It IS a frequent observation in the mines of the Rand (225), in the 
Barre granite works and elsewhere that workmen with nasal defects 
arc very liable to laryngitis just as mouth breathers in any environ- 
ment are frequently subjects of bronchitis In the evperience of 
Watt, Irvine, Johnson and Steuart (225) mouth breathers are defin- 
itely more subject to silicosis than are normal breathers There arc 
occasional observers, however, Qarvis (95)) who do not agree with 
this generally accepted thesis that mouth breathers develop more 
pneumonoconiosis Pomes used in mines for years rarely have pnou- 
monocomosis, m all probability because of the tortuosity of tlie nasal 
passages (Rivers (180)) 

A significant feature of pneumonoconiosis and one to be remembered 
is that It does not affect all people alike It is the rule to find that in 
groups of workers of whom are similarly evposed, some wiU develop 
pneumoconiosis carlj, some will develop it laic and some will not 
develop it at all This phenomenon is manifest both clinically and 
pathologically, and knowledge of it is not infrequently of value Such 
difftrcncts arc doubtless bound up m some way with the anatomy and 
physiology of the upper respiratorj passages Gardner (60) has 
offered the hypothesis that an old, healed tuberculosis of the traclieo- 
bronchial lymph nodes may cause a partial obstruction of the Ijan- 
pbatics of this tissue which w ould lead to a more rapid dc\ clopment of 
IjTnph stasis and pulmonary fibrosis, once the individual took up a 
dusts occupation 

2 The hmphatics and lymphoid tissue of the lung Jlost of tlie dust 
that finally reaches the lungs eventually gets into the "domain of the 
hanphaiics," i e , in or behind the alveolar and cndolhehal walls 
This latter svstem is of paramount imjxirtancc in any consideration 
of either pneumonoconiosis or tuberculosis and shouhi be bncflj de- 
scribed in this place William Snow Miller in his verv cxtcnsiv'c 
studies of the histology of the lungs (131), (132), (131), (1 53), (135), 
has taught us n great deal about the Ivmphatic svstem in the lungs of 
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man and lower animal, and it is largely from his numerous and valu- 
able contributions that I derive much of the data used in the 
description which follows 

The lung possesses a very intricate system of lymphatics and lym- 
phoid tissue a description of which is easy to grasp if we bear in mind 
a few facts of the anatomy of the bronchi and blood vessels The 
bronchi divide at close intervals from the bifurcation to the final 
anatomical unit or lobule Branches of the pulmonary artery ac- 
company the branches of the bronchus from large mediastinal trunk 
to very small vessel The two he in very close apposition and always 
toward the center of the lobule They divide at the same points 
throughout the lung The veins likewise divide at close mtervals 
but they he at a distance from the artery and bronchus They are 
situated at the periphery of the lobule and are made up of many 
branches which form from the venous radicles at the dividing points 
of arteries and bronchi Many of these vems pass along the inter- 
lobar septa They extend to the pleura 

In the loose areolar tissue about the branching bronchi, arteries and 
veins an intncate system of lymphatics course which is quite as dis- 
tinct as the arterial or the venous system The lymphatics run in a 
most zigzag and tortuous manner, anastomosing with amazing fre- 
quency and thus furnish the lung with a facile drainage system They 
extend as far along the bronchial and arterial systems as the atria — 
a part of the terminal unit of the respiratory tract Peripheral to 
this point no l)anphatics are discernible, but any foreign matter 
which reaches the tissue spaces anywhere in the lung eventually 
reaches the lymphatics, for this entire space drains into the lymphatic 
system They also extend along the vems from the dividing points 
of bronchi and arteries to the larger venous trunks and from the 
pleura along veins which lie in the septa These ^anastomose fre- 
quently to form larger and larger vessels which eventually reach the 
tracheobronchial lymph nodes at the hilum The lymphatics of 
artery and bronchus are thus intimately connected at many points 
with those of the veins The pleura likewise has a very extensive 
network of lymphatics, the branches of which connect freely with 
each other This pleural system anastomoses at many points with 
deeper lymphatics already described, by trunks which pass inward. 
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especially m the septa These connecting trunks possess valv es w Inch 
are directed ton ard the pleura There are thus two sets of IjTnphatics 
— a deep and a superficial set 

The flow of the Ijnnph m the vessels which he within a few milli- 
meters of the pleura is ton ard that structure, the flow in the pleural 
vessels converges toward the tracheobronchial lymph nodes at the 
hilum That of the deep vessels is a converging flow toward the hilum 
and reaches these same tracheobronchial nodes These latter struc- 
tures therefore are the eventual rccemng stations for the entire Ij mph 
flow of the lungs and pleura 

At div iding points of the bronchi and, to a lesser degree, of the arter- 
ies and veins, at points where deep and supetfiaal lymphatics meet and 
at the distal end of the alveolar ducts there are smaller or larger aggre- 
gations of IjTnphoid cells which are situated along lymphatics m such 
a nay as to be essential filters Therefore, they may collect and hold 
particulate matter— inert or viable — from the lymph and are thus 
frequently the seat of dust-dcposit or infection, such as tuberculous 
infection Similar aggregates of l>mphoid cells are present in the 
pleura It is well known, as mentioned by Pearson (154), Reisseissen 
(168) and others, and carcfullv studied by Miller (132), that there is 
an accumulation of dust in the lungs with increasing age Ihis accu- 
mulation IS mostly in these masses of lymphoid tissue These latter 
tend to become larger m response to the presence of the dust particles 
and represent the nidi from nliicli the fibrotic nodules of the pneu- 
monoconiotic lung arise Miller (132) noted a causal relation between 
natural anatomical changes m the lung and the presence of dust and 
called attention to histological differences in the lungs at different 
ages He observed a strikingly small amount of Ijmphoid tissue in 
the infant, more in the child, and a gradual increase with increasing 
age He noted that this increase in the amount of Ijmphoid tissue 
was in close assoaation with the increase in pigment, and concluded 
that the inhaled particles act as irritants nhidi stimulate the prolifera- 
tion of such tissue 'Ihus a mcious cvcle may be established in 
nluch the irritant, dust, leads to enlargement of thelvmphmd masses 
which, growing larger, become more efficient filters to hold more dust 
which, m turn, stimulates still further proliferation fhe tr-'dieo 
bronchial Ivmph nodes are situated at the hilwn and represent tin. 
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“dumping ground” of the pulmonary lymphatic system and may be 
the final repository of relatively large amounts of dust 

In fine with this anatomical fact Gardner (60) has, within the year 
stated it to be his belief that obstruction to lymph flow, with thrombi 
of dust cells and dilated vessels, does not come about through simple 
accumulation of cells in the lymphatic vessels or by compression of 
these vessels from fibrosis, but rather from obstruction of the lymphat- 
ics in the tracheobronchial nodes He ofi'ered a possible answer to 
the question of why people develop pneumonoconiosis at widely difi'er- 
ent periods of time after begmmng occupation in siliceous dusts He 
suggested that possibly in those who develop pneumonoconiosis early 
there exists an old, healed tuberculosis of the tracheobronchial lymph 
nodes which had led to a partial obstruction of the lymphatics, and 
which a comparatively short exposure to dust, too short to produce 
marked obstruction in normal nodes, would serve to greatly accentu- 
ate This question is discussed later 

3 Agency of dust transportahon In spite of the anatomical de- 
fenses, dust eventually reaches many parts of the lungs How are the 
particles carried from air space to tissue^ The idea has been advanced 
by some (Sikorsky (191), Klein (102)) that particles may pass directly 
between umnjured epithelial cells Traube (210) believed that the 
angular character of the particles enables them to pierce the epithe- 
lium, and Rindfleisch (177) stated that the impact of the inspired air 
was doubtless sufficient to drive the particles through this structure 

Policard and Doubrow (159) have contended that particles in the 
air of the trachea and bronchi are maintained in suspension in part by 
their electrical charge and in part by the continuous respiratory move- 
ments The particles “settle out” upon the mucosa at a rate that is 
proportional to their v/eight, size and shape the rmgration of particles 
into the pulmonary tissues is of the same nature as that of a needle 
imder the skin 

But most workers oppose the view of penetration of the epithelium 
by particulate matter without the agency of some mtermediate carrier 
and agree that the transportation is effected by cellular (phagocytic) 
activity. The nature of the phagocyte has occasioned much work 
which, however, has by no means brought unanimity of opmion 
Whether the cell is a wandering cell, whether it comes from the blood 
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or arises m the fixed tissues of the part, whether it is demed from 
vascular endothelium or alveolar epithelium — all these questions 
have been asked and each of these sources has been thought by dif- 
ferent authors to be the proper one For instance, the alxeolar epi- 
thelium was held to be the “dust cell” by Knauff (104), Schottehus 
(185), and Ruppert (182) among the older writers, and more recentlj 
by Briscoe (22), Wainw right and Nichols (218), Sewell (189) and Mav- 
rogordato (126) among others It has seemed to several workers that 
possibly more than one type of cell could become a “dust cell ” Ar- 
nold (6) thought that the bronchial and alveolar epithelium and 
“Ivmphatic wandering cells” are all capable of phagocytic actu ity 
Oliver (146) agreed in part with Arnold, and, according to him, wan- 
dering cells of the pulmonary alveoli (which to him appear to be 
origmallj alveolar epithelium), may be dust earners ' Oliver sug- 
gested that phagocytes acquire their load of dust m the alveoli from 
which they escape to the Ivmphatics through stomata This idea 
was advanced, however, before Miller (130) showed that so called 
“stomata” are artefacts which may be created at will by stretching 
or roughly handling the tissue Watkins-Pitchford (221) wrote that 
the phagocvtcs arc “catarrhal and leucocytic ” The endothelium 
has been thought to be the source of phagocytes by many workers 
since 1869 when Slavjansky (193), by intravenous methods, showed 
that endothelial cells might find their way very' quickly into the al- 
veoli and become phagocytic for particulate matter in that place 
More recently Klotz (103) held with Hay thorn (80) that, while pig- 
ment may be found in a variety of cells, it is most commonly' engulfed 
by an "endothelial leucocyte” which corresponds to tlic cpithcloid 
cell of histological tubercle I’crmar (ISS) supported Uus conclusion 

Determination of the tvpe or origin of the dust cell is in the most 
favorable circumstances but little better than speculation unless se- 
lective, dilTcrcntial staining be resorted to By sudi means Foot 
(58) who h id prev lousy held the dust cell to be of endothelial ongin 
(571 recenth stated in a thoroughgoing study that it giv es the same 
specifK staining or impregnation reactions that the circulating mono- 

• Oliver m-dc nn iaterMIm? tiigrt'Uon wlim lie silted Ihit tl ev hffc plin;ocjtei 
irhich lie free mil loo c m the alvcoti lotrelrpies contilniiu dust potliclrs, soirelmej 
dcso d of wicli TOOitcr, lire ro’roal mliabilanti ol tlic lUcolir spaces 
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“dumping ground” of the pulmonary lymphatic system and may be 
the final repository of relatively large amounts of dust 

In line with this anatomical fact Gardner (60) has, within the year, 
stated it to be his belief that obstruction to lymph flow, with thrombi 
of dust cells and dilated vessels, does not come about through smiple 
accumulation of cells in the l)nnphatic vessels or by compression of 
these vessels from fibrosis, but rather from obstruction of the lymphat- 
ics in the tracheobronchial nodes He offered a possible answer to 
the question of why people develop pneumonoconiosis at widely differ- 
ent periods of time after beginning occupation in siliceous dusts He 
suggested that possibly in those who develop pneumonoconiosis early 
there exists an old, healed tuberculosis of the tracheobronchial lymph 
nodes which had led to a partial obstruction of the lymphatics, and 
which a comparatively short exposure to dust, too short to produce 
marked obstruction in normal nodes, would serve to greatly accentu- 
ate This question is discussed later 

3 Agency of dust transportahon In spite of the anatomical de- 
fenses, dust eventually reaches many parts of the lungs How are the 
particles carried from air space to tissue^ The idea has been advanced 
by some (Sikorsky (191), Klein (102)) that particles may pass directly 
between uninjured epithehal cells Traube (210) beheved that the 
angular character of the particles enables them to pierce the epithe- 
lium, and Rindfleisch (177) stated that the impact of the inspired air , 
was doubtless sufficient to drive the particles through this structure 

Policard and Doubrow (159) have contended that particles in the 
air of the trachea and bronchi are maintained m suspension in part by 
their electrical charge and in part by the continuous respiratory move- 
ments The particles “settle out” upon the mucosa at a rate that is 
proportional to their weight, size and shape the migration of particles 
mto the pulmonary tissues is of the same nature as that of a needle 
under the skin 

But most workers oppose the view of penetration of the epithelium 
by particulate matter without the agency of some intermediate carrier 
and agree that the transportation is effected by cellular (phagocytic) 
activity. The nature of the phagocyte has occasioned much work 
which, however, has by no means brought unanimity of opinion 
Whether the cell is a wandering cell, whether it comes from the blood 
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or arises in the fixed tissues of the part, whether it is denx ed from 
xascular endothelium or alveolar epithelium — all these questions 
have been ashed and each of these sources has been thought by dif- 
ferent authors to be the proper one For instance, the alveolar epi- 
thelium was held to be the “dust cell” by KnauK (104), Scbottelius 
(185) , and Ruppert (182) among the older v riters, and more recently 
bv Bnscoe (22), Wainwnght and Nichols (218), Sett ell (189) and Mav- 
rogordato (126) among others It has seemed to several ttorkers tliat 
possibly more than one type of cell could become a “dust cell ” Ar- 
nold (6) thought that the bronchial and alveolar epithelium and 
“l>mphatic ttandcring cells” are all capable of phagocytic activity 
Oliver (146) agreed in part with Arnold, and, according to him ttan- 
dcring cells of the pulmonary aUcoli (tthich to him appear to be 
originally alveolar epithelium), ma> be dust carriers * Oliver sug- 
gested that phagocytes acquire their load of dust in the ah eoli from 
tthich they escape to the lymphatics through stomata This idea 
ttas advanced, hottcvtr, before Miller (130) shotted that so-called 
“stomata” are artefacts which max be created at ttill by stretching 
or roughly handling the tissue \\ atkins-Pitchford (221) ttrote that 
the phagoa'tes are “catarrhal and leucocj tic ” The endothelium 
has been thought to be the source of phagocjtcs by many uorkers 
since 1869 tthen Slavjansky (193), b> intraxenous methods, shotted 
that endothelial cells might find their tta> x'cry quickly into the al- 


xcoli and become phagocjtic for particulate matter in that place 
More rccentlj Rlotz (103) held xxith Hajlliorn (SO) Oiat, while pig- 
ment may be found in a xanet> of cells, it is most commonly engulfed 
by an “endothelial leucocyte” xxhich corresponds to the cpitlicloid 
cell of histological tubercle Permar (155) supported this conclusion 
Determination of the type or origin of the dust cell is in the most 
faioraWc circumstances but little better than speculation unless se- 
lectixe, differential staining be resorted to By such means Foot 
(58) ttho h-'d prcMousx held the dust cell to be of endotlielnl origin 
(57) reccnllx stated in a thoroughgoing studx that it gnes (lie same 
specific stsming or impregnation reactions that the circulating mono 


• 0\i«t irndc tin inlticjimg M)f-„c5r on njicn lie slatcrf ti.,, it , 
ittol 1.. tKs nnd loorc i . 11, r nl™!, 
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cytes do Gardner (61) with a valuable technique for vital and fixed 
tissue staining has concluded that the septal cells, belonging to the 
group of clasmatocytes, are the parent cells of the alveolar phagocyte 
Wislocki (234) asserted that it is principally the clasmatocyte which 
phagocytes carbon particles in the lungs 

In this perplexing question it is very difficult to find sufficient agree- 
ment for a perfectly clear, crystalhzed opinion I have felt from my 
own observations (231) that there was probably more than one type 
of cell concerned but, in these studies, morphology was the only cri- 
terion and this is an insufficient prop The data given by Gardner, 
Foot and Wislocki all seem well controlled and probably represent an 
approximation to the true state of events Drinker (49) has presented 
a good review of these questions 

4 Eltmtnahon of dust from the lungs Ehmination of dust from 
the lungs (to the tracheobronchial nodes) has already been briefly 
discussed When one knows something of the anatomy and physi- 
ology of the pulmonary lymphatic system, it becomes perfectly ob- 
vious that the lymphatics constitute a very important if inadequate 
means of ehmination Lymph fl^ow in aU parts of the lung is eventu- 
ally toward the hilum ^ Some particles penetrate the walls of the 
lymphatics and come to he m the areolar tissue m which the latter 
course, and there act as irritants Some are filtered out by the lym- 
phoid masses at dividing points of bronchi and vessels Those that 
are carried along the smuous lymphatics without becoming arrested 
by lymph mass-filter or tortuosity of channel eventually reach the 
hihim According to Gardner (62) dust cells gradually accumulate 
around the lymphatics at the alveolar ducts and at these p ints are 
taken into the lymphatic system over which route they are earned 
haltingly toward the tracheobronchial nodes 

Another route of exit for dust and dust cells is through the bron- 
chus and trachea The dust is ingested by phagocytes which wander 
back to bronchi along which they are earned by cilia to the outside 
world along with mucus and debris In this connection a recent ob- 

’ Cunningham, R S Contnbutions to Embryology, Carnegie Institute of Washington, 
1916, IV, no 12, Publ no 224 Cunningham has shown that the lymphatics of the 
diaphragmatic pleura, m the foetus at least, communicates with the lymphaUcs of the 
peritoneum 
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servation should be mentioned It has been found (WiUis (228)) 
that m the rabbit’s lung there are numerous areas of thinned out, 
noncihated bronchial epithehum which overlie masses of lymphoid 
tissue Dust cells have been seen in and apparently in transit through, 
these thinned areas from lymph node to bronchial lumen 

That the rate of elimination is as significant as the rate of intake has 
been emphatically pointed out by Haldane and by Mavrogordato 
This IS a matter of considerable importance and one which needs much 
elucidation Fenn (54) has shown that leucocytes ingest carbon much 
more rapidly than they do sihca 

It IS possible though higlily improbable, that dust particles are 
absorbed by the blood and arc thus removed from the lung Riddell 
(176), found fibrosis and pigment m the spleen and liver of a quarry- 
man with a rapidly developing fatal pneumonocomosis However, 
what we know of the blood and lymphatic system indicates that the 
lungs tend to be the dumping ground of the body with not rety 
facile eliminating faculties 

J Pathologtcal picture Occasional autopsies were done on workers 
in dust a long time ago For instance, de Dicmerbrocck (48) in 1672 
made the following unique observations (as related by Ramazzim 
(16S)) “Dicmerbrocc gives a curious relation of several stone cutters 
who died asthmatic, and were opened by him, in whose lungs he found 
such heaps of sand, that in running tlic knife through the pulmonar> 
vesicles, he tliought he was cutting some sandy body ” WTicn autop- 
sies came to be performed with more rcgulanty, pathological observa- 
tions on pigmented and fibrolic lungs began to appear widi some fre- 
quency Man> of these arc clcarl> described but the nature of the 
underlying etiologj' was poorly understood Until comparatively 
recently several different diseases of Uie lung — tuberculosis, neoplasm, 
melanotic sarcoma, pneumonocomosis, etc , — w ere classified under the 
term “phthisis ” 

flic evolution of the completed pathological appearance in pneu- 
monocomosis is a very slow , progressiv c one Dust cells are irritants 
nitse settle irregularlv and mtermittcntlv in the several parts of the 
lung and gradually accumulate along lyanphalics and in lymph nodes, 
wlurevcry insidiously they arouse the body ’s reaction, llu cm! result 
of which is fibrosis Greeiihow (72) presented several cases of pneu- 
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monoconiosis and gave a good description of the pathology (especially 
gross) of the condition According to the general report of the 
Miners’ Phthisis Prevention Committee of South Africa^ for 1916, the 
dust cells appear in definite clumps in the small masses of lymphoid 
cells, where their presence incites the proliferation of fibrous tissue, 
which finally results in fine, beaded, irregularly nodular thickenings 
occurring at intervals “on the course of the perivascular and peribron- 
chial lymphatics ” With increase of this fibrous tissue, there is a 
gradual obstruction of the lymphatics and a consequent further ac- 
cumulation of the dust cells and a more diffuse fibrosis, which is seen in 
the alveolar septa and the adventitia of small bronchi and blood vessels 
(same report) This excellent presentation further points out the fact 
that gradually the subpleural lymphatics become thickened and that 
the tracheobronchial nodes develop fibroid changes early, soon after 
the thickening process has extended from the adventitia of the smaller 
air tubes and blood vessels to that of the larger ones “We find that 
the distnbiihon of the sthcohc process is that of a ramifying fibrosis, 
which follows the distribution of the l 3 Tnphatics accompanying the 
ramification of the bronchial and vascular trees, from their origin 
within the lobular region to the termination of the lymphatic system 
in the bronchial glands ” The process is slowly progressive and pro- 
duces (1) ‘ thickening of the alveolar walls, with constriction and per- 
haps obliteration of the alveoli, and with catarrhal change, (2) thicken- 
ing of he interlobular septa and (3) a more or less generalized fine 
thickening of the pleura and subpleural connective tissue ” 

The beading already mentioned represents enlargement and fibro- 
sis of the masses of lymphoid tissue which are sandy, these nodules 
gradually become enlarged and densely fibrotic, they then coalesce 
and in this way nodule and diffuse fibrous process ultimately dis- 
tort and replace much of the normal lung tissue In the absence of 
the enlarging nodules the diffuse process ultimately effects this same 
result Histologically these fibrous nodules are seen to be composed 
of concentric layers of connective tissue obviously laid down about pig- 
mentary deposits At first microscopic in size, they gradually in- 
crease until they may have a diameter from that of a miUet seed to 

8 The report gives an excellent general description of Mmer’s Phthisis, and from it I 
have drawn freely in preparing this and some of the subsequent sections 
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tliat of a small pea and at these stages correspond to the so-called 
“snowstorm” stage as seen by \-ray The periphery of these nodules 
IS always fibrocellular They may increase in size and number as the 
process becomes older (a matter of years) and, if thickly sown, they 
may coalesce to form areas of massive fibrosis in which shadows of the 
original nodules are readily detectable Kodular reactions occur 
more commonly in persons who have been exposed continuously for 
a relatively long number of years rather than in those who work in- 
termittently m the dust 

Not all advancing fibrosis comes about from coalescence of nodules, 
for It may and most frequently does come about as a further develop- 
ment of the diffuse fine fibrosis Associated w ith these changes is a 
gradual peribronchial and perivascular thickening in which there is 
more or less infiltration with dust The engrafting of tuberculosis 
upon a silicotic process is a very potent factor in leading to an exten- 
sive fibrous consolidation ’ Chronic nontubcrculous pneumonia may 
likewise lead to such a result 

However, in places not thickly set with nodules or not greatly in- 
volved in a diffuse fibrosis, the pulmonarj' tissue retains a fairly normal 
appearance save for some cmph> sema and congestion, for a compensat- 
ing emphysema de\ clops in the less affected areas of the lung and “as 
a consequence, not only is the respiratory capicitj directly reducedby 
oblitcratis e changes, but the capacity of the lung to expand during in- 
spiration IS impaired,” and this explains the dyspnea, “Uie cardinal 
symptom of silicosis " 

A Iruc sihcolic nodule does not sfio.o easeatwri ” This is a statement 
made by Watt, Irvine, Johnson and Stcuart and is one wliicli, while 
true in by far the largest number of cases, has had numerous excep- 
tions talen to it Large areas of massive fibrotic consolidation, 
'omctimcs break down at the center even when tuberculosis is not a 
complicating factor I his is not common and is presumably brought 
about by inanition of the part 

In the earh stages the tracheobronchial lymph nodes are enlarged 
and discolored and crowde-d with dust cells In the intermediate 
stages tlic;c structures contain much pigment, fewer cells and a good 
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deal of fibrous tissue The nodes are not larger than in the early 
stages When the process in the lung is advanced, there is a total 
absence of cells and a very great deal of pigmented and white, dense 
fibrous tissue The nodes are enlarged and may suggest fibromata 

Where pneumoconiosis is a compensatable disease, as it is m South 
Africa, liability to compensation has led to standardization of criteria 
on which a pathological diagnosis of the affection may rest Criteria 
as follows have been laid down for the post-mortem diagnosis of sili- 
cosis (Watkins-Pitchford, (223)) • (1) Lesions must be specifically those 
of silicosis and must be visible to the unaided eye and palpable to 
touch (so microscopic evidence alone does not constitute a diagnosis), 
(2) lesions must be numerous enough for one nodule to be present in 
each area of five square centimeters of pulmonary tissue, provided 
there is no evidence of silico-tuberculosis In the latter instance com- 
pensation must be granted even in the absence of signs Some such 
criteria should be adopted in the various countries where dusty trades 
exist and should obviously vary, depending upon the type of dust, its 
effect upon the lung, etc 

The sputum and material from lung puncture of people with asbes- 
tosis has been recently studied by Stewart and Haddow (197) They 
found characteristic yellow bodies, called “asbestos bodies,’' in this 
material, the nature of which was not apparent Gloyne (67) stated 
that these bodies were made up of a deposit, possibly blood pigment, 
about the fiber 

Pathology of piieumonocomosis with tuberculosis superimposed 

It is not enough that the miner with pneumonocomosis should be 
the subject of that disease alone, but many such people sooner or later 
experience, as an end result, tuberculosis engrafted upon the pneumo- 
noconiosis Tuberculosis may occur at any stage of pneumonoconio- 
sis, but the acute types of the disease such as pneumoma and mihary 
tuberculosis are less commonly seen in the later stages of pneumono- 
coniosis, possibly because lymphatics are obstructed In early stages, 
chronic pulmonary tuberculosis runs its usual course, but appears 
definitely to hasten the progress of the silicotic process, especiahy m 
the vicinity of the infection (Watkins-Pitchford (221)) Also the 
infective process may be greatly changed as a result of the surround 



PNETJMONOCONIOSIS A1>D TUBERCUXOSIS 


445 


ing fibrosis, and the tuberculous area may become the dense, fibrotic, 
pigmented mass which is the characteristic appearance of “massue 
fibrosis ” In later stages the t>T5ical charactenstics of each disease 
are modified, the degree of modification depending upon whether 
tuberculosis predommates (“tuberculo-sihcosis”) or pneumonocomosis 
predominates The mixed lesion groiving out of tuberculosis and 
silicosis IS the most common ongm of the massive, fibrous consolida- 
tion in advanced silicosis (221) (66) (175) Such areas, when tu- 
berculosis plays a part in their origin, are larger than coalesced silico- 
tic nodules, tliey may be associated witJi occasional isolated areas of 
typical tuberculosis elsewhere in the lung, they occasionally have 
some caseation in early stages, the> often have cavitation later 
Tubercle bacilli may be found in these areas Histologically, the ap- 
pearance of these lesions is not that of ordinary tuberculous broncho- 
pneumonia “The typical structural arrangement of the tubercu- 
lous lesion appears to be o\env helmed by an excessive development 
of fibro cellular and, later, of fibrous tissue” (Watt, Irvine, Johnson 
and Stcuart) The pleura is thickened and often bound tightly with 
adhesions so as to make removal of the lungs impossible without tear 

It IS thus clear that tuberculosis may occur in two forms when in 
association w ith pneumonocomosis These are (1) Apical and unilat- 
eral with downward spread just as in a nonpncumonocomotic indi- 
vidual, (2) Nonapical, often bilateral, but asymmetrical and often 
massive With respect to the underlying factors in the production 
of these diverse types Gardner (60) has raised the question as to 
whether tlie worker who had an apical lesion before dusty employ- 
ment began may fail to experience normal or expected healing of the 
area which later, sometimes years later, may develop into typical 
tuberculosis such as is seen in nonpocumonoconiotic folk Similarly 
he suggested that the "atypical” form might arise as a new infection 
or reinfection and might be thought of as "industrial infection " It 
IS an interesting hyiiothesis, particularly' since the massne areas so 
closely' resemble the lesions produced by reinfection Hut it docs not 
explain why almost umformlv the tuberculosis in silicotics comes late 
m life If It were a new infection, it should appear at a wide range of 
ages 

According to Watkins Pitcliford (223), the nodules in iineoraplicated 
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silicosis consist of gray-black pigment and fibrous tissue and, as time 
goes on, become more encapsulated so that they may “shell out” 
of the capsule as small black pearls In persons without tuberculosis, 
and after the lapse of many years, the nodules tend to disappear, the 
fibrous tissue becoming absorbed and the silica eliminated When tu- 
berculous infection is superadded, the result is pathologically differ- 
ent from that of uncomplicated silicosis in that the distribution of 
pigment becomes unsymmetncal and is increased about the focus of 
disease, which appears succulent and steel gray and not as the familiar 
lesions of ordinary tuberculosis, because characteristic tubercles are 
wanting The young gray fibrous tissue is prone to necrosis and cavi- 
tation 

Experimental pathology 

What appears to be the first experimental proof that dust may be 
inhaled into the lungs was made m 1862 by Villaret (215) who exposed 
rabbits to the inhalation of carbon and porphyrin in bags At the 
end of the short experiments of a few hours he found very httle dust m 
the pink lungs, only a few particles in the larger bronchi and great 
quantities in the stomach and intestine In the experiments in which 
inhalation was continued for nine days he detected many particles m 
the lungs, intestines and portal blood Five years later Knauff (104) 
devised clean-cut experiments in which he exposed certain dogs to 
the inhalation of smoke and others to an air-suspension of ultramarine 
blue for varying periods of time and subsequently recovered particles 
of these substances from the lungs He thus unequivocally demon- 
strated that particulate matter could be inhaled into the lungs with 
the inspired air Since these pubhcations appeared a great deal of 
experimental work has been done Konradi (107) confirmed Knauff’s 
work in 1869 Arnold (6) made a very extensive study of experimen- 
tal pneumonoconiosis The study was published in 1885 and it is a 
detailed account of the pathology of experimental pneumonoconiosis 
He exposed dogs and rabbits to various dusts for considerable periods 
of time and found accumulations of dust in the alveoli and their septa, 
in the lymph nodes and islands of lymphoid tissue throughout the 
lungs, and in fibrous nodules which develop in the lungs in response to 
the continued presence of irritating dusts He observed dust particles 
m the lymphatics very infrequently 
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The capacity of different dusts to lead to different results nhen in- 
haled IS well shoiTO m expenments For instance, the innocuit> of car- 
bon and coal dust has been pointed out by numerous observ'crs 
Claisse and Jou6 (28) in 1897 exposed animals to smoke from burning 
turpentine After prolonged exposure, the animals developed ex- 
tensive though dehcate pigmentation of the lungs which, altliough 
extensive, was apparentl> altogetlier harmless to the animals Wain- 
wnght and Nichols (218) (in an insufiicicnt number of animals) found 
that guinea pigs exposed to the inhalation of coal dust and then in- 
fected w'lth tuberculosis developed the disease of the abdominal vis- 
cera but not of the lungs Thcv felt that coal dust exerted a distinctly 
protective influence and that tlie fibrosis which developed in response 
to the dust aided m “resisting” tuberdc bacilli It has been observed 
that guinea pigs tended to accumulate coal dust in the lungs only 
slowly and gradually and that when infected with virulent tubercle 
bacilli after ex'posures of a year’s duration, they developed slightly 
more pulmonary tuberculosis than control animals Such animals, 
however, rarely had more pigmentation of the lungs after a year's 
exposure to heavy clouds of dust almost daily than did normal, non- 
dustcd animals that had liv cd in Ihelaboraton for two y ears or longer 
and had spontaneously acquired its pulmonary dust (Willis (230)) 
This led to the belief tint the lungs probably need a certain amount of 
stunulus (presence of a certain amount of dust) to initiate activ e elimi- 
nation and that when dust reaches the lungs in small increments it 
IS less likely to be eliminated tlian when it reaches these organs in 
larger amounts 'Ihisthcsis, however, has not been proved Mavro- 
gordato (126) found that the dusts which were promptly eliminated 
(e g , coal,) arc the dusts which do no harm 
Other dusts that are chnicallv harmless, such as hmc and cement, 
have been proved experimentally to exert no baneiul influence either 
iqion normal animals or on those Uiat hav c tuberculosis Nagai ft 4 1), 
Coutidre (41) and otliers exposed normal and tuberculous inimak to 
lime dust and observed that the ilust produceel no effect of anv sort 
on the normal lungs and none on the course of pulmomn tuberculosis 
Tucker (2121 had cssentiallv similar results from the exposure of ani- 
mals to the inhalation of cement dusts His animals were normal 
at autopsy 
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On the other hand Cesa-Bianchi (26) exposed guinea pigs to the 
inhalation of talc, gypsum, coal, cement, etc , and found that, after 
infection with tubercle bacilli, the animals developed a marked degree 
of tuberculosis with extensive cavity-formation, while normals, when 
infected similarly, showed little or no tuberculosis m the lungs The 
reason for such a great difference in results from those of the normal 
animal is not clear These results of Cesa-Bianchi have not been con- 
firmed Beattie (12) felt that the fibrosis resulting from the body’s re- 
action to dust protects against the spread of tuberculosis in the lung 
Steel and porcelain in some of the experiments performed on rabbits 
Jotten and Arnoldi (96) exerted a detrimental effect upon tubercu- 
losis Lime exerted no such effect In their judgment coal dust had 
no bactericidal effect, although its effect upon pulmonary tuberculosis 
remained equivocal Flint dust, and coal, china clay, feldspar, 
earthenware, pure amorphous silica, pure flint, coal, shale, igmted 
shale, dried earth and ignited earth have all been used experimentally 
in guinea pigs by Carleton (24) in periods of exposure of from a few 
minutes to nearly two years He concluded that coal dust is rapidly 
phagocytosed and eliimnated, that shale is comparatively harmless, 
that amorphous silica is more harmful than crystalline silica, that 
china clay dust, felspar, and ground earthenware are potentially 
dangerous and that the harmful dusts are those which are removed 
but slightly or slowly from the lungs 
When animals are exposed to the more siliceous dusts such as gran- 
ite, (Gardner (63), Gardner and Dworski (65)) generalized pigmenta- 
tion and fibrosis of the lung develops, many more tubercles aie pres- 
ent and, when cultures of low virulence are used, they are slower in 
resolving 

It IS well known that workers in marble quarries, tombstone cutters, 
and others who handle marble experience none of the usual dust liaz- 

Since this paper went to press, Gardner (Am Rev Tuberc , 1929, xx, 833) has pub- 
lished a very convincing piece of work in which he showed that inhalation by guinea pigs 
of several kinds of dust caused a very defimte reactivation and progression of what is 
ordinarily regressive, healing infection (Ri infection) Roughly, three fourths of the 
animals exposed to quartz dust, one third of those exposed to carborundum and one fourth 
of those exposed to gramte dust developed progressive disease He commented on the 
significance of such observations when thought of in terms of clinical reactivation of an 
old area of tuberculosis in people working in dust 
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ards which are bound up unth similar occupation m other dusts Ex- 
penmental work with tks dust has led to a similar conclusion in so far 
as the efiect on the normal lung is concerned But it is different 
when the animal has been infected previously with tubercle bacilli 
Gardner and Dworski (65) exposed guinea pigs to the inhalation of 
marble dust for var>ing periods of time up to nearly a year hlost of 
these were infected with tubercle bacilli of low virulence, some prior 
to tlic first exposure, some during exposures and some subsequent to 
the last exposure A very large proportion of the dust particles was 
dissolved, so that only an occasional particle of silica or small amounts 
of amorphous material remained m the lungs of the normal animals 
The insoluble matter led to a moderate degree of silicosis after long 
exposures but marble of itself did not affect the lungs, and m sucli 
lungs, tubercles set up by a strain of low xnrulcncc became “chronic” 
and receded slowly Ammals with preexisting tubercles in the lungs 
showed some increase in calcification after exposure Animals ex- 
posed to marble dust had from two to four times as manj tubercles 
in tlie lungs as normal, nondusted controls When a more virulent 
strain of tubercle bacilli was used, extensive fibrosis developed 

There is abundant evidence from cxpcnmcntal work to confirm tlie 
oft-repcated obsenaation that when tuberculosis becomes established 
as a complication of pneumonocomosis, the outlook is gra\ e and the 
course often rapid Wffiat the undcrl> mg factors are w e do not know 
It IS evident that tubercle bacilli and particulate matter tend to be- 
come located in the same anatomic situation, and Uic presumption is 
tliat the same mechanical and physiological forces whidi tend to place 
the one foreign body operate in the same manner tow anl localizing tlie 
other '1 here is a sinking coincidence in the location of both dust 
and bacilli m the lymphoid tissue associated wath air tubes and blood 
V cssels In the pleura there is a discernible relation 1 he subpleural 
tubercle is frequentlv though not by anv means alwav s at the margin 
of the secondary lobule in the usual anatomic position of the subpleural 
collections of dust 

There is probably some basis for the contention of Beattie (12'), 
Hav thorn (SO) and others tliat the fibrosis which develops in response 
to the presence of certain ilusts v ould tend to limit the spread of the 
infe-ctious procc-ss and should be regarded! ■’s protective in that sense 
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But the converse is equally true, namely, that the fibrosis would also 
tend to focalize and to hold baciUi because lymph drainage would be 
interfered with, so, while one would find less extensive spread of in- 
fection from a focus m a dusted lung, he might expect to find a larger 
number of foci and possibly larger foci scattered through the organ. 

1 Intercurrent disease in experimental animals It is a fact well 
known among those who have experimented with the inhalation of 
dust that the mortality rate of the experimental animals from various 
diseases is usually considerably higher than that of normal, non- 
exposed animals For instance, Arnold (6) reported a mortality 
among his experimental rabbits and dogs which ranged from 8 6 to 
33 per cent The deaths were from several pulmonary disea'b but 
by all odds pneumonia was most frequently encountered In Dimer- 
ous instances in both rabbits and dogs after inhalation, the lungs re- 
vealed small miliary nodules which were strikingly like small hikmles 
in distribution and gross appearance These were not structelly 
hke tubercles, however None of them revealed tubercle bacilli It 
would appear from Arnold’s description that these structures n're 
incidental and not the cause of death 

2 Recapitulation Although the normal defenses of the respiratcy 
tract prevent the inhalation of many particles of dust, people note 
in air charged with dust eventually inhale considerable amounts olfe 
latter, a good deal of which is carried by dust cells to the lympte 
system and through this to the interstices of the lung where it tenkto 
accumulate and to incite the formation of fibrous tissue whicliDii) 
eventually obhterate most of the normal lung structure and matenaUf 
predispose the person to tuberculosis 

The gross appearance of the silicotic lung is characteristic Rd 
stiff, inelastic, pigmented and adherent It offers resistance to fe 
knife which cuts it with a grating noise, the incision yielding a mottld 
surface of pigmented nodule, often grown around a bronchus orblooi 
vessel, much pigment, diffuse fibrosis, thickened interlobar septum 
thickened bronchial and vascular walls Occasionally m the absence 
of comphcating tuberculosis and often in the presence of tlie lattee* 
there may be large, densely fibrotic masses which occupy muchota 
lobe or a lung and which may be caseous or cavitated at its center 

HistologicaUy, the picture is that of extensive nodular, diffuse, or 
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massive fibrosis with occasional areas of t>'pical tuberculosis and mth 
tubercle bacilli frequently present in the caseated areas of inassi\e 
fibrosis 

Although usually widespread, the lesions are less numerous in the 
anterior margins, where motion is considerable, than elsewhere 

IV DIAGNOSIS 

Viicomphcated fneumonocontosis 

Pneumonoconiosis, generally a chronic disease, may develop and 
pass slowly or rapidly through successive stages until the completed 
picture IS presented Because of this fact, classification of the disease 
by stages has been repeatedly attempted The classification of sili- 
cosis legally adopted in South Africa has been given as follow’s by 
Watkins-Pitchford (220) 

Anlcpnmary stage The earliest detectable signs, usually unassoaated with s> mp 
toms or incapacity to work 

Primary stage WcU developed specific signs associated wilt some loss ol pliysical 
capacitj , but the latter not neccssanl> senous or permanent 

Secondary stage Well developed specific signs associated with incapacity to iNTirk. 
Ihis stage is nearly always translated from a primary stage by engrafting of 
tuberculosis 

These stages correspond essentially to those designated as the first, 
second, and third stages in this country Other classifications haae 
been devised m other countries but thej all embrace essentially the 
group listed aboac (Nicholson (143) for England), (Purdy (164) and 
Smith (195) for Australia) 

It has been stated frequently, especially by South African worl ers, 
that the eaolulion of simple silicosis is greatly modified and in the 
earliest stages is hurried into clinically' recognizable disease by the 
presence of previously undetected tuberculosis Thus it is seen that 
not only docs pneumonoconiosis predispose to the dcN dopment of 
tuberculosis but Uiat tuberculosis hastens the dcsclopmcnt and course 
of pneumonoconiosis 

1 Physical diapwsts The symptoms and signs in pncumonocomo- 
sis grow so directly out of the pathological diangcs that they an, % cry 
case to comprehend, once the latter is apprcaated Tlic on'ct is 
aery slow and gradual and aancs a great deal with the tape of dust 
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be chronic reddening of the laryngeal mucosa Haemoptysis is rare 
and suggests the probability of a superimposed tuberculosis The red 
blood count and the hemoglobin may be high from the cyanosis 
which at times is extreme 

Numerous other pulmonary diseases, notably bronchitis, em- 
physema and asthma, are prevalent in workers m dust and may oc- 
casionally offer diagnostic difficulties In this connection it is very 
helpful to remember that the sihcotic chest is usually di y How much 
the dust has to do with the etiology of these nontuberculous diseases 
one does not know Within the confines of the subject under review, 
a detailed discussion of this question is not germane 

2 Roentgenological diagnosis. This part of the question is discussed 
below under the caption — Tuberculosis and Pneumonoconiosis 

Tuberculosis and pneumonoconiosis 

Year by year the reports of the Miners’ Phthisis Medical Bureau 
indicate an appreciable diminution m the incidence of sihcosis and of 
sihcosis with tuberculosis, the latter now having well-nigh reached the 
vanishing point The later reports pomt out the fact that as this 
decrease occurs, there is a concomitant increase in the incidence of 
simple, uncomplicated tuberculosis This shift has now brought 
about a noticeable change in the type of clinical disease and pathologi- 
cal alteration In earlier years the pulmonary changes were usually 
those produced by dust and infection, the former usually predominant 
Now the tuberculous element predominates On this point the last 
report of the Bureau (175) contains the following pertinent remarks 

“Mmers’ Phthisis,” as we know it, is essentially the product of two 
factors, dust and tuberculosis, and there are two pathological and climcal 
types of the disease, according as the one factor or the other is predominant 
in Its causation Durmg the first fourteen years or so, which succeeded 
the turn of the centuiy, the prevalent type of sihcosis met with was one 
in which the dust factor was predominant It was characterised by large 
heavy lungs, in which an excessive development of pathological fibrosis 
overwhelmed and sometunes wholly obscured the evidence of co-existmg 
infection, and frequently tended to retard the development of the latter 
The great dnmnution in the dust content of mine air, effected by the pre- 
ventive measures directed against the production and dissemination of dust, 
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which has contributed \cry largely to bring about the decrease in the true 
production of silicosis, already discussed, his had mother and less satis- 
factory result It has brought about a change in Uie prevalent tj-pe of 
‘‘miners’ phUiisis” to one m which the influence of the tuberculous factor 
has become more obvious, alike at tlic outset and throughout the course 
of the disease The returns just quoted afford objective evidence of this 
fact The direct effect of dust in producing excessive fibrosis, and tlic 
further effect of Uie latter m tending in many cases to retard the develop- 
ment of tuberculosis, have been diminished The disease has assumed a 
relatively more infective and tliercfore, it would appear, a relatively more 
progressive type 

Although this change in type of “phthisis” has been conspicuous in 
South Africa, it is not altogether conlined to that region, and there is 
an appreciably large incidence of ordinaiy tuberculosis among vvorl ers 
of sev'cral sections where marked improvement in dust-ehmination 
obtains With this, however, there is an associated decrease m the 
total incidence of tins disease It may be deduced from this tint there 
has been a concomitant shift m the character ol the signs and symp- 
toms Such has also been the case, vv ith the more frequent appearance 
of signs and symptoms of ordinary tuberculosis But there is still a 
superabundance of cases of the two diseases in co c\islcncc 

1 Physical (Itagitosts Tuberculosis may comiilicatc pneumono- 
coniosis at any stage but it more commonly docs so w hen Uic latter dis- 
ease IS advanced When it supervenes in early pncumonoconiosis the 
clinical picture is, as would be expected, predominantly that of the 
infection Symptoms suggest tuberculosis, and physical signs and 
clinical course are usually clearly' those of Uiis disease When it 
comes on in later stages of pncumonoconiosis the clinical picture is 
characteristic but is like neither disease when uncomplicated Usually 
upon developing tuberculosis the patient rather rapidly loses weight 
and strength. Ins temperature nscs and his pulse rate nccclcratca, Ins 
cough becomes definitely increased and Ins sputum more abundant 
and often streaked wath blood, pleiinsy is common, isthem i and ex- 
haustion become extreme and tlie patient dies Signs of consolidation 
are often present 

Many jiaticnts, however, suffer an mtensiCcation of the svmptoms 
of pncumonoconiosis under which they have been laboring and go to 
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death (usually rapidly) with dyspnea, orthopnea, pulmonary edema 
and often cardiac failure Still other patients with both diseases may 
run a very chronic course These are relatively few in number It 
cannot be too strongly emphasized that repeated, careful examinahons 
of the sputum for tuhercle hactlh (see Lan^s (111)) consktutes one of 
the most, tf not the most, tmportant factors %n the diagnosis of tuberculosis 
added to pneumonoconiosis. 

Many people in late stages of pneumonoconiosis eventually experi- 
ence tuberculosis as a complication This, however, is not true of 
those in earlier stages The prognosis in people in whom tuberculosis 
is engrafted upon early pneumonoconiosis is not, when properly 
treated, greatly worse than that m people with tuberculosis alone 
When the mfection comes to those in later stages, however, the out- 
look in a very large majority of cases is very bad ''and the disease 
IS fatal within no long time ” 

Loss of weight is a conspicuous sign among the native laborers in 
the mines of South Africa Two-thirds of those with uncomplicated 
tuberculosis show it It is a sign of such importance there that it 
suggests automatically a special examination (174) 

2 Roentgenological diagnosis There is a well-recognized tendency 
in medicine for the climcian to depend upon the roentgenologist for 
his diagnosis, especially in diseases of the chest This situation is 
bad for chnician, roentgenologist and patient and cannot be too 
severely condemned. The x-ray is of invaluable aid m clinical medi- 
cine when used coordmately as one of the manoeuvres in the general 
survey of the patient It is espeaaUy valuable in the detection of 
pneumonoconiosis because this disease will cast characteristic shadows 
in the film long before it will disclose itself by physical signs It is 
likewise very valuable in studying the course of the disease Watt, 
Irvine, Johnson and Steuart (225) unhesitatingly stated that the 
x-ray plate is of great value in their medical work among the miners 
of the Rand They remarked "We are fully of opinion that the ra- 
diographic appearances in cases of silicosis afford the most reliable 
single piece of evidence m estabhshing the existence and the actual 
stage of the disease in any particular case, in detenmnmg the presence 
or absence of tuberculosis, and m differentiating cases of early silico- 
sis from cases of commencing tuberculosis A complete opin- 
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ion in any individual case must, hoivever, be ahiaj s based both on the 
radiographic appearances and on dinical examination ” In similar 
tone the Annual Report of the Miners’ Phthisis Bureau (172) for 1920 
stated “It IS the unanimous opinion of the bureau that a technically 
satisfactory radiogram is of paramount importance in assisting in the 
formation of a just decision as to the presence or absence of silicosis 
It IS also of the greatest utility in the diagnosis of all but the very' 
earliest cases of tuberculosis Our experience has, however, con- 
firmed the suspicion that unless the x-ray negative reaches a well- 
defined standard of technical excdlencc its interpretation may be 
erroneous” \V atkins-Pitchford, (219) whose extensive cxpenencc 
enables him to speak authontatively , has said that “a techmcally 
satisfactory radiograph” is essential to the diagnosis of this condition 
According to Pancoast and Pendergrass (151), who have brought out 
an excellent book on the radiology of the disease, a tedinically satis- 
factory plate must be one which, among other things, is taken witli a 
short exposure so as to avoid blurring from cardiac vibration 
Although the x-rav phte is \cry characteristic and constant, not 
cvervtliing which looks like pncumonoconiosis in the plate is neces- 
sarily that disease, howexer By x-rav alone, for instance, it is al- 
most impossible to distinguish between pncumonoconiosis and miliary' 
tuberculosis Such a case was reported recently by' Green (69) 
Very' recently' Clark (30) has reported having found radiological ap- 
pearances similar to those of first-stage silicosis in nondusted people 
witli chronic bronchitis and the pulmonary changes incident to ad- 
vancing years It has also recently been reported by Colhs and Gil- 
chnst (37) that the “snowstorm” radiograph has been found in coal 
handlers (“trimmers”) who have doubtless been around but little, if 
any, silica dust They recommended caution m assuming that this 
type of plate is absolutely diagnostic of silicotic fibrosis 
Before entenng into a discussion of the roentgenological cliangcs 
that appear m this disease, we should recall for a moment what the 
“normal” chest looks like roentgenologicalh This has been well 
shown by a committee of the National Tuberculosis Association (S) 

T Ins committee suggested a conxcnient division of tlie plate into three 
xcrtieal zones The inner one comprises tlie rootshadows "nd thus 
the situation of the tracheobronchial hanph nodes The middle zone 
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includes the trunk shadows which gradually become smaller as their 
finer subdivisions are reached The outer zone embraces the con- 
tinuation of these smaller trunks until they fade out and disappear 
peripherally It is the opinion of this committee (1) that shadows m 
the mner zone can be disregarded m so far as their clinical significance 
is concerned unless they be solid or dense and homogeneous, (2) that 
trunk shadows in the middle or peripheral zones which do not become 
progressively smaller and disappear are to be regarded as indicating 
pathological change The committee’s second report (149) represents 
a particularly dear description of the x-ray of the normal adult’s 
chest. 

From the roentgenological standpoint, pneumonoconiosis has been 
classified variously Watt, Irvine, Johnson and Steuart (225) em- 
ployed the clinical classification in use on the Rand at that time and 
interpreted the plates as representmg early, medium, and advanced 
sihcosis In their judgment in early sihcosis, the normally transpar- 
ent areas between the main trunks “and in the peripheral zone of the 
lung, are occupied by numerous finer, linear, reticulated or branching 
shadows,” which are due to the formation of new fibrous tissue This 
is generalized and bilateral but is sometimes more developed on the 
right side There is also shght increase in density of the hilar and 
root shadows In medium sihcosis, there is a generahzed motthng, 
with “beading” and general increase in intensity of the finer shadows 
seen in earlier stages, and definite accentuation of the hilar shadows 
In advanced stages of the disease, there is a generalized, nodular fibro- 
sis characterized by the fact that “the total area of both lungs is oc- 
cupied by a large number of discrete, or practically discrete, well- 
defined, small rounded shadows ” 

The authors from the Rand reported that asymmetry m a pneumo- 
noconiotic lung is an important characteristic of tuberculosis, that the 
vertical or “drop” heart, although also found in conditions of asthenia, 
IS very noticeable in tuberculosis The areas of consolidation (tu- 
berculo-sihcosis) frequently appear as sharply defined shadows, while 
a spreading tuberculosis may throw a ramifying shadow simulating 
that of early sihcosis or a mottling similar to that of medium silicosis 
Extensive tuberculosis may so overcast the plate as to obscure the 
roentgenological evidence of sihcosis Cavities are frequently pres- 
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ent in cases m which the silicosis is complicated by tuberculosis 
These writers also interpolated the observation that emphysema may 
obscure the shadows which a silicotic chest would otherwise show 
Childs (113), who worked m close association with Lanza in a study 
of zinc miners, arbitrarily divided pneumonocomosis into three stages 
These stages in uncomplicated pneumonocomosis, are as follow s 
First stage Increased density and wndth of the trunk and hilar 
shadows, in the latter of which arc still dense shadows of nodular 
deposits, punctate shadows of varying size along the bronchi, no dis- 
placement of trachea or heart and no difference in the level of the dia- 
phragm, changes arc essentially bilateral 
Second stage In addition to signs indicative of the first stage, 
wndespread, sjunmctrical, circumscribed areas of density appear which 
may increase in size and become more numerous in the low er part of 
the upper third of the pulmonary field, no signs of cavity, dome of 
diaphragm is accentuated 

Ihird stage Grows out of second stage and Ins increased number 
and a more massive grouping of dense shadows often leaving no normal 
markings in the field, heart is in normal position and the diaphragm 
very high, narrowing of interspaces, especially in mid-region (%erti- 
cally) 

When tuberculosis has complicated the disease, the several stages 
present, in addition to the dcscnption already given, the following 
Iirst stage Tlic shadows cast in this stage resemble tuberculosis 
a good deal, except for its distribution When tuberculosis develops, 
apical “stippling” is usually present, healed foci arc in cvadcnce, the 
density is not symmetrical, patches of tliickencd pleura and moderate 
displacement of heart and trachea arc present 
Second stage \gain asymmetry is conspicuous, mediastinum and 
trachea art displaced, and cavalation is frequent, limitation of dia- 
phragmatic mov ement is obvious 

Third stage Cavitation, marked mediastinal and traclical displace- 
ment, marked fixation of the diaphragm and usually <ome reduction 
in the size of tlic heart arc readilv cleteclahle 
^\ ith the more recent clinical classification, ante primary, primarv, 
and secondary have al-o been earned over to the rot ntgenological 
fitld and only these te-ms arc m use in South Africa at present 
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includes the trunk shadows which gradually become smaller as their 
finer subdivisions are reached The outer zone embraces the con- 
tinuation of these smaller trunks until they fade out and disappear 
peripherally It is the opimon of this committee (1) that shadows in 
the inner zone can be disregarded m so far as their chnical significance 
is concerned unless they be solid or dense and homogeneous, (2) that 
trunk shadows in the middle or peripheral zones which do not become 
progressively smaller and disappear are to be regarded as indicating 
pathological change The committee’s second report (149) represents 
a particularly dear description of the x-ray of the normal adult’s 
chest 

From the roentgenological standpoint, pneumonoconiosis has been 
classified variously Watt, Irvme, Johnson and Steuart (225) em- 
ployed the chnical classification in use on the Rand at that tune and 
interpreted the plates as representing early, medium, and advanced 
sihcosis In their judgment in early sihcosis, the normally transpar- 
ent areas between the main trunks “and m the peripheral zone of the 
lung, are occupied by numerous finer, hnear, reticulated or branching 
shadows,” which are due to the formation of new fibrous tissue This 
is generalized and bilateral but is sometimes more developed on the 
right side There is also shght increase m density of the hilar and 
root shadows In medium sihcosis, there is a generahzed mottling, 
with “beading” and general mcrease in mtensity of the finer shadows 
seen in earlier stages, and definite accentuation of the hilar shadows 
In advanced stages of the disease, there is a generahzed, nodular fibro- 
sis characterized by the fact that “the total area of both lungs is oc- 
cupied by a large number of discrete, or practically discrete, well- 
defined, small rounded shadow^s ” 

The authors from the Rand reported that asjmmetry in a pneumo- 
noconiotic lung is an important characteristic of tuberculosis, that the 
vertical or “drop” heart, although also found in conditions of asthenia, 
is very noticeable in tuberculosis The areas of consolidation (tu- 
berculo-silicosis) frequently appear as sharply defined shadows, while 
a spreading tuberculosis may throw a ramifymg shadow simulating 
that of early sihcosis or a mottling similar to that of medium sihcosis 
Extensive tuberculosis may so overcast the plate as to obscure the 
roentgenological evidence of silicosis Cavities are frequently pres- 
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ent m cases m -which the sihcosis is complicated by tuberculosis 
These wnters also interpolated the observation that emphysema may 
obscure the shadows sihich a sihcoUc chest -would otheninse show 
Childs (113), who worked in close association with Lanza in a study 
ol zinc miners, arbitrarilj dn ided pneumonocomosis into three stages 
These stages in uncomplicated pneumonocomosis, are as follows 
First stage Increased density and width of the trunk and hilar 
shadows, in the latter of which are still dense shadows of nodular 
deposits, punctate shadows of varying size along the bronchi, no dis- 
placement of trachea or heart and no difference in the le\ el of the dia- 
phragm, changes are essentially bilateral 
Second stage In addition to signs indicative of the first stage, 
widespread, symmetrical, circumscribed areas of density appear which 
may increase in size and become more numerous in the lower part of 
the upper third of the pulmonary field, no signs of cavity, dome of 
diaphragm is accentuated 

Third stage Grows out of second stage and has mereased number 
and a more massive grouping of dense shadows often leaving no normal 
markings in the field, heart is m normal position and the diaphragm 
very high, narrowing of interspaces, especially m mid-region (verti- 
cally) 

When tuberculosis has complicated the disease, the several stages 
present, in addition to the descnption already given, the following 
First stage The shadows cast in this stage resemble tuberculosis 
a good deal, except for its distnbuUon WTien tuberculosis develops, 
apical “stippling” is usually present, healed foci are in evadence, the 
density is not symimctncal, patches of thickened pleura and moderate 
displacement of heart and trachea are present 
Second stage Agam asymmetry is conspicuous, mediastmum and 
trachea are displaced, and cavatauon ,s frequent, limitaUon of dia- 
phragmatic mov eincnt is obvaous 


I hird stage Captation marked mediastinal and tmeheal displace- 
ment, marked fixation of the diaphragm and usuallv some reduction 
in the size of the heart are readily detectable ' 

and secondary hav e^krc S m 

— - ■» « 
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According to Pancoast and Pendergrass (151) who have subscnbed 
to the three-stage classification of Childs, an important observation 
sometimes made in the early stages, is a restriction of the mner half 
of the diaphragm as though it were held up “by the portionof the lung 
containing the most promment trunk shadows ” They thought that 
this might be taken as a sign of beginnmg functional disability, even 
before there is clinical evidence that such may be the case How- 
ever, they warned against interpreting the early roentgenological 
signs uncritically, for such signs may be simulated by chronic passive 
congestion, acute and chronic respiratory infections, bronchitis, irri- 
tation from certain gases and, less commonly, malignant growths 
They pointed out that, in the second stage with small dense nodules 
of fibrous tissue, the distribution is not symmetrical but definitely 
more developed in the vicinity of the root on the right side After 
the mottling becomes generahzed, the asymmetry is lost. There is 
some difference m the density and sharpness of outline of the shadows 
depending upon the type of dust (same authors) These are densest 
and most clearly outlined in metal grinders, probably because the 
fibrosis develops rapidly in response to the stone dust In coal miners 
in whom fibrosis is slow in coming on, these pathological structures 
are less dense, and m cement and asbestos workers, still less so Pan- 
coast and Pendergrass noted that, as the peripheral lung field becomes 
more involved, there is a tendency for the more central areas to re- 
main stationary or even to clear somewhat They raised the ques- 
tion as to whether, by virtue of pneumonoconiotic involvement of the 
peripheral lymphatics, Ijonph flow might become virtually suspended 
and the central portions of the lung tend to clear by the elimination of 
many of the dust cells (not the fibrosis). The x-ray appearance of 
the second stage is characteristic and not likely to offer differential 
diagnostic difficulties The detection of a super-added tuberculosis 
in this stage, however, is not always easy It is very helpful to re- 
member in this connection that the pneumonoconiosis rarely affects 
the extreme apices as tuberculosis does 

In their description of the appearance of the plate m third stage 
cases Pancoast and Pendergrass emphasized the fact that the diffuse 
fibrosis characteristic of this stage may have the appearance of any or 
all of three stages: namely, (1) fairly frequent occurrence of very 
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large, irregular masses ivitli more or less haze between tliem, (2) a 
more frequent occurrence of diffuse fibrosis with rather definite nod- 
ules and in general resembling extensive pulmonary tuberculosis, (3) 
extensive area of consolidation, sometimes more than one, subapical, 
with dense fibrous bands extending especially foniard These in 
many cases represent the reaction to both pneumonoconiosis and tu- 
berculosis, for it IS known that once the lungs are reacting to dust, tu- 
berculous infection produces a great enhancement of the fibrous 
process 

V PROGNOSIS 

It IS generally conceded that pneumonoconiosis has a vcr> marked 
tendency to progress irrespective of treatment, although numerous 
wnters have felt that removal from the dusty surroundings may, in 
the very early stages, arrest the process or even cause its subsidence 
According to Jarvis (95) many cases in moderate stages do well and 
functionally recover, and some of the advanced cases maj tempora- 
rily improve On the other hand a most interesting observation was 
made by Watkins-Pitchford (223) on miners who had been awaj 
from the mines dunng the recent war Numerous miners, lca\ ing the 
Rand for military service without demonstrable clinical or roentgeno- 
logical evidence of silicosis, returned with distinct roentgenological 
signs of this affection He thought that this cliange could be attrib- 
uted cither to (1) the natural progression of disease already started 
but not clinicallj detectable, or (2) a very' slight degree of pneumono- 
coniosis hastened m its progress by the development of tuberculosis 
The progressive nature of the affection is greatly enhanced by the 
presence of tuberculosis, as the following data from South Africa re- 
veal (175) To cs erj 1,000 deaths of cases beginning as simple silico- 
sis, 170 deaths have occurred from other causes, to every 1 ,000 deaths 
from tuberculosis alone and with silicosis, there have been 25 and 19 
deaths rcspecUsclv from other causes “By the end of the scienth 
y ear, 29 per cent of cases ongmating as simple sihco'is, 46 per cent of 
cases of simple tuberculosis, 56 per cent of cases of tuberculo silicosis, 
nnd89 per cent of cases of silico tuberculosis ha\ e died of their disease " 
It IS because of the serious prognosis in this disc- sc that prophslaxis 
is of such great importance 
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VI. RELATIONSHIP BETWEEN TUBERCULOSIS A2TO 

PNEmiONOcomosis 

The data on which is based the evidence of tuberculosis as a com- 
plication of pneumonoconiosis are often unreliable The possibility 
of exposure to tuberculosis at home or m some other place away from 
the dusty occupation is usually overlooked In addition, diagnostic 
criteria are frequently inadequate. As Landis (111) remarked. “For 
most part the data . is obtained in one of two ways, First, the 
number of deaths occurnng in a certain industry is taken as an index 
as to the harmfulness of the particular employment, and as a result 
of this, many occupations have received a bad name, when as a matter 
of fact, there was nothing in the industry itself to warrant such a 
deduction Second, most of the surveys that have been made have 
followed the plan of making medical examinations of groups of workers, 
tabulating the defects found, and then assuming that, if there was a 
high percentage of certain abnormalities, these abnormalities were to 
be charged against the occupation.’’ He has pointed out what is 
obviously an important fact that many people who have died from pure, 
uncomplicated pneumonoconiosis have been diagnosed liiberculosis. This 
fact, among others, has rendered much of the literature on the subject 
open to serious criticism. Before a diagnosis of tuberculosis is arrived 
at in people with pneumonoconiosis, abundant chnical evidence should 
be at hand and numerous examinations of the sputum for tubercle 
baciUi should be made. 

Validity of data 

Two important considerations should be taken into account in a 
discussion of the relationship* These are (1) How much simple pneu- 
monoconiosis is reported as phthisis or tuberculosis and (2) If the tu- 
berculosis is truly tuberculosis, what of the proportional ratio of tuber- 
culosis in pneumonoconiosis to tuberculosis in other industries com- 
parable from the standpoint of hygiene, wage level, education, etc; 
on the first point a fair amount of data is available; on the second 

much information is to be desired. 

There are several criteria by which data on the relation existing be- 
tween these two diseases may be evaluated In the first pkce, as 
one looks over the literature, especially that containing statistica 
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data, one is impressed with the fact that pneumonoconiosis as such is 
rarely mentioned as a cause of death Table after table of mortahty 
rates contain figures on tuberculosis and on the nontuberculous re- 
spiratory diseases (bronchihs, pneumonia, and other diseases), but 
rarely on pneumonoconiosis as such The literature from Soutli 
Africa IS an exception This causes one to question whether the 
differential diagnosis betw een tuberculosis and pneumonoconiosis has 
not been uncritically made with the result that most pulmonary' dis- 
eases among miners which are not bronchitis, pneumonia, asthma or 
other rarer but recognizable disease entities, are lumped under the 
head of tuberculosis 

In the second place numerous authors have wittingly used the word 
tuberculosis as an inclusive term, because there seemed no other w ay 
out of the maze of data contained in death certificates Tor instance, 
Drury (SO) stated that all the “death certificates (in his statistical 
study) were first classified by cause, those giving as cause of death 
pulmonary’ and other forms of tuberculosis being subjected to inten- 
sive analysis The term ‘pttlmonary tuberculosis’ has been used to cerjcr 
all fibroid coudiltons of the lungs resulting from the inhalation of particles 
of iron and sandstone, vnth the tubeiculous infection which generally, 
sooner or later, becomes superimposed on the former condition (italics 
mine) In the records for the past twenty years tlie two conditions 
are inseparable, as one notes under heading ‘Cause of Death’ on the 
original death certificates, that a great variety of terms arc used, c g, 
tuberculosis, pulmonary tuberculosis, chronic fibroid tuberculosis, 
grinder’s consumption, tuberculosis and grinder’s consumption, pneu- 
monoconiosis, tuberculosis and pneumonoconiosis, etc Jherefore, 
any attempt to separate tuberculosis from pneumonoconiosis, ns 
recorded, would result in inaccuracy ’’ His are tlic data that give a 
death rate from tuberculosis of 1900 per 100,000 among grinders and 
polishers in an ax factory, as compared with 160 per 100,000 among 
other workers in the mill MOiat the data shoi/ aith rcinarl able 
clearness is tlial the occupation ot grinding and polishing in an ax 
factory is an exceedingly hazanlous occupation becau'c it leads to an 
•'stounding proportion of dcaUis from pulmonary’ disease Such data, 
while pcrfcctU good from certain standpoints, serve only to cloud 
still further the question of incidence rcl itionshipa betv ecn the two 
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affections,— tuberculosis and pneumonoconiosis Complications such 
as these probably will inhere in our data until better differential diag- 
nostic methods are practiced. 

In the third place there should be further appreciation of the dis- 
tinction between ratios and rates As Greenburg (71) has pointed out, 
ratios “depend on two independent variables, and a high ratio of tu- 
berculosis deaths to total deaths may be produced by a low mortality 
from other causes as well as by a high mortality from tuberculosis ” 
Such a fact, while obvious, is frequently lost sight of in considering the 
several aspects of this problem 

Numerous writers have held, as has Landis, that simple pneumono- 
coniosis IS the cause of death of a large majority of people among this 
class of workmen They have based the contention on (1) the ab- 
sence of an unusually high tuberculosis death rate among famihes of 
these workers, (2) the low death rate among miners under 25 years of 
age (Cobbett (32)), indicating a low incidence of infection in the 
homes from which these young men come, and (3) the fact that “causes 
of death are senously vitiated by the popular nosology, which assigns 
the majority of deaths of miners to consumption” (Arlidge (5)). 
Others have mentioned as factors the low degree of mfectivity of the 
superimposed tuberculosis which gives off very few tubercle bacilli 
And Colhs (33) intimated that although tuberculosis is a common 
complication, the baciUi are less virulent To this Cobbett answered 
that the presence of fewer bacilli than in ordinary pulmonary tubercu- 
losis would explain the relative infrequency of famihal tuberculosis 
among these workers. 

Most writers, however, have assumed that tuberculosis is the cause 
of death in a very large number of this dass of workers They have 
arrived at this deduction (1) from the fact that there is a much higher 
incidence of pulmonary disease among them than among the general 
population, and (2) on the incidence of tubercle bacilh in the sputum 
Ritchie (178) for instance found tubercle bacilli in the sputum of 17 
out of 23 Cornish miners suffering from phthisis, and Baldwin (9), 
as will be shown later, obtained similar results in a very large percent 
age of granite workers 

In this section an effort will be made to analyze some of the factors 
in the relationship between these two affections and to present certain 
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data m respect to the coinadence of the t^no diseases in several differ- 
ent dusty industnes 

Inctdencc 

Trom the latter part of the sixteenth century it has been stated in- 
numerable times that miners and other workers in dust arc very likely 
to die consumptive Many of the diagnoses of consumption which 
were made before the day of modern exploration of the diest were 
faulty and undoubtedly many people who died of uncomplicated pneu- 
monoconiosis were diagnosed as consumption Many reports that 
have appeared dunng recent decades show with remarkable clearness 
that cntique is stiU wanting in this direction But despite this fact, 
It has been clearly shown over and over again that the proportion of 
tuberculosis m workers who have breathed siliceous dusts for a long 
time remains high even when much faulty diagnosis is discounted 
The committee on the health of Cornish miners m its report for 
1904 (170) concluded that “it seems enough that the stone dust which 
the Cornish miners inhale produces permanent injury to the lungs 
and that tins injurj , while it is apparently capable of gradu- 
ally producing by itself great unpaimient of the respiratory function, 
and indirectly of the general health, also predisposes enormously to 
tuberculosis of the lungs, so that a large proportion of miners die from 
tubercular phthisis ” In Uic general tenor of this quotation Wheatley 
(227), Oliver (145), and many others have agreed It is the opinion 
of Cobbett (32), who has bnefl> discussed this problem, that it re- 
mains an open question in how far tuberculosis modifies tlie cxcessn e 
mortahu among dust breathers Jo him it is plain that pneumono- 
coniosis leads directly to death in mans cases and tint when tubercu- 
losis docs complicate the picture, as it often docs, tubercle bacilli 
are scant) 

ihc \er)' careful clinical and radiological work and the careful spu- 
tum examinations and autopsies lint Iiaxe been done so well and for so 
mans ) ears bv the Jifiners’ Phthisis Prexcntion Bureau of '^outh Africa 
and the det nled stud) of the Barre, Vermont, granite cutters i Inch 
was reported b) Baldwin (9) are two conspicuous pieces of work wluch 
force the conclusion that tubcrciilo-is occurs wath x orv gre it frequcnc) 
in peojile with silicosis, albeit mans silicotics die wathoul tuberculosis 
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Such data as that of Barwise (11) m 1913 arrest the attention He 
showed that the death rate from tuberculosis among gritstone workers 

is 20 times greater than m the same social class employed in agricul- 
ture, and 17 times greater than in other workers Smith (195) 
encountered an extraordinary incidence of death from tuberculosis in 
Australian miners with silicosis and reported that such miners “were 
23 times as susceptible to tuberculosis'’ as nonsilicotic persons (151) 
The Transvaal Mining Regulations Commission in 1910 (209) re- 
ported that the ratio of deaths from tuberculosis among “white mine 
employees as compared with those from that cause amongst nonmin- 
ing adult males was approximately as 6 3 to 1 ” Jarvis (95) has ob- 
served tuberculosis as the cause of death in more than 80 per cent of 
the deaths of the granite cutters of Barre, Vermont, and Collis (34) 
reported that of gamster workers who die, tuberculosis is the cause in 
more than three-fourths of the cases 

Age at which tubeiculosis supervenes 

A very striking feature of this relationship and one commented 
upon by many observers is that tuberculosis as a complication comes 
at a comparatively late period in hfe If the mortality from tubercu- 
losis among workers exposed to siliceous dust is compared with the 
mortality from tuberculosis among those not so exposed, it is found 
that those dying in the silica group have their highest incidence later 
in life than is the case with ordinary pulmonary tuberculosis, the 
highest incidence being above 45 and usually above 50 years of age 
This corresponds closely to the highest incidence from tuberculosis 
among coal miners The maximal mortality in the region covered by 
the Transvaal Commission Report (208) occurred at 30 to 35 years in 
the nonmining males as compared with a maximum at 35 to 40 among 
the miners A similar observation is contained in the Royal Com- 
mission on Metalliferous Mines and Quarries (181) which lays down 
the following statement. “If in any given class a high death rate from 
pulmonary tuberculosis is found, occurring at a later period of life 
than is usual for pulmonary tuberculosis, and if this high death rate is 

It IS true, however, that this report of Barwise is based upon death reports and is, 

therefore, wholly open to criticism 

1* Both these statements are based upon mortahty statistics 
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associated with a high death rate from other respiratory diseases, 
then this class is exposed to the inhalation of injurious dust ” In this 
connection, too, the recent work of Colhs (36) is germane He has 
pointed out that the frequent association of the ti\o diseases is of 
statistical importance because many cases of death areerroncouslj 
reported as tuberculosis, some of these are due to simple silicosis and 
many more arc due to tuberculosis and silicosis— the so called tu- 
berculo-silicosis He further related that people dying m the silica 
group have their highest inadence later in life than is the case iiith 
those dying of ordinary pulmonaiy tuberculosis, the highest incidence 
being between SS and 64 Ickert (94) noted a very high incidence of 
tuberculosis among copper and slate miners, who also died later in 
life — many in the sixth decade And McFarland (120) pointed out 
that the amount of tuberculosis is Ion m families of granite cutters, 
probablj because the cutter develops his tuberculosis at a later age 
than the average, nhich lessens the opportunities for infecting the 
children of the homes at an early age 
Docs this late age of death indicate that people \nth pneumonoconio- 
sis and tuberculosis do not develop their disease until comparatively 
late in life? Can it be tint tubercle bacilli arc taken into these per- 
sons at the usual or average age but that the) arc held b) the scar 
and fibrous tissue and not allowed to spread over the lung’ It is a 
fact, as shown by Gardner (62), thatvvhcn both pneumonoconiosis and 
tuberculosis coexist in axpcruncntal animals, there is a fibrous reac- 
tion greater than might be expected from simply a summation of 
reactions to both affections separatel) Is it hkcl> that an added 
amount of scar would contribute unusually effectively toward local- 
izing the infection and preventing its spread? One cannot answer 
these questions definitcl) How ev'er, it seems unhkel) that this grouj) 
of persons, who live among their associates in a normal way when not 
underground, would be pcculiarl) exposed to tubercle bacilli later in 
life than others m their social group I here is some plausibility to 
the matter raised in the second question namclv , the hampering effect 
of the fibrosis upon bacilDo spread Ha\ thorn (f-O), Beattie (12), 
and others have contended that fdirosis should be regnrde-d as protec- 
tive in tuberculosis in the sense th u it pre-ct Is II e spread o{ thedi'ease 
But the converse is cquallv true namel), that the fibrosis which 
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would thus focalize and hold tubercle bacilli because of interference 
with the lymph drainage inadent to scarring, would lead to a larger 
mimher of foa and possibly larger foci m the lung although a less ex- 
tensive spread might be present And this is what is frequently ob- 
served, especially roentgenologicaUy, in tuberculo-sihcosis However, 
massive tuberculous or tuberculo-silicotic lesions often undergo a 
rapidly progressive, down-hill course once clear-cut symptoms become 
estabhshed 

Time relaiionshtps 

That certam dusts produce a deleterious effect upon the lungs in a 
comparatively short tune and that certain other dusts produce their 
effect so slowly that the changes are relatively inappreciable for years, 
is well recognized and has already been mentioned For instance, a 
serious grade of silicosis may develop after three years of exposure 
under particular conditions while at the end of 30 years in some of 
the dusty trades (e g , coal mining) the miner may show comparatively 
little pulmonary change It must be obvious that the duration of 
eiqiosure before the onset of tuberculosis, as well as the type of dust, 
might be a material contributory factor in the development of the 
latter disease In order for pneumonocomosis to predispose to tu- 
berculosis we must suppose that the imderlying condition of pneu- 
monocomosis must itself be more or less well developed If tubercu- 
losis appears within the first few months of the workman’s exposure 
to siliceous dust or within the early years of his contact with the dusts 
that work more slowly, the chances are good that pneumonocomosis 
would have had little or nothing to do with the engrafting of the infec- 
tious disease Many writers, in faihng to take this mto account, have 
added to the difficulties in the way of a clear understanding of this 
problem This is well illustrated and emphasized by Landis (111) m 
the study of tuberculosis among potters 

If a miner develops simple sihcosis in the mines of the Rand, the 
shortest period in which he does so is about four and a quarter years, 
but for aU who contract the affection, the average period is about 10 
and a quarter years and this is becommg increasingly longer (223) 
Only about three per cent of the total worHng miners and only about 
seven per cent of all those employed for 10 or more years annuaUy be- 
come sihcotic 
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Numerous autliors have reported it to be their belief that pneumono- 
coniosis as such, is not the sole contnbutorj factor which is respon- 
sible for the high incidence of tuberculosis among workers in dust 
Among the more recent writers Landis (110), for example, believed 
that tlie general economic and hygienic surroundings in whidi workers 
live and work have a distinct bearing upon tlieir liabiht> to infectious 
disease Lanza (113) reported a great deal of tuberculosis in the sor- 
did and very bad hygienic surroundings of the homes of the zinc w ork- 
ers he investigated And AIcFarland (120) indicated that the relatix e 
freedom from tuberculosis in the families of granite cutters when the 
cutters themselves had so mucli of it was due in part at least to the 
fact that the cutter is above the average in intelligence, makes good 
wages, and provides well for his family this, in addition to the fact 
that the cutters develop their tuberculosis too late in life to infect 
the family when the children arc small Watkins-Pitchford (221) be- 
lieved that the general unsanitary conditions of the mines, the absence 
in them of such disinfecting agents as light and drjness, and the fact 
that the minors eat one meal a da> underground wath unwashed hands 
would account for a great deal of tuberculosis among tlicm This 
author discovered the fact that manv tubercle bacilli were present in 
the mines, where opportunities xvcrc unusually good for infection 
Upon examining 250 specimens of expectoration tal en at random from 
the floor inside the mines, he (222) found that 15 2 percent contained 
tubercle bacilli, while onlx 2 5 per cent of 120 specimens from thesur- 
face outside the mines contained tubercle bacilb In his opinion (221) 
tubercle bacilli arc present in a x’ciy high percentage of silicotic Jungs 
m the late stages of the disease where they maj in inan> instances be 
saprophj tic, ex cn though the silicotic lung is in all stages more suscep- 
tible than the normal lung to tuberculosis 


In certain dust> occupations, such as coal mining, the miner ap- 
pears to has c ex cn less tuberculosis than his familx In others the 
workmen's incidence of death fmm tubercuteis il far m excess of 
that of his faraily Tlic opportumf.c, which a workman in dust has 
to contract tuberculosis from h.s enxamnmcnt should alwajs be con 

sidcrcd Iheprcsxnccofluberculo.smh.simmediafefam,lj na^t 
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lead to tuberculosis in the miner just as it might lead to the same dis- 
ease m his brother who had never been exposed to dust Such factors 
complicate the question a good deal and must be taken into account 
if data on the interrelation between pneumonocomosis and tuberculo- 
sis is to be clearly understood (111) 

What constitutes a dusty atmosphere is a relative matter Differ- 
ent parts of shop or mine at different times of the day vary tremend- 
ously m the amount of dust present, depending upon the type of opera- 
tion, the adequacy of ventilation, etc According to Higgins, Lanza, 
Laney and Rice (85) the variation m “dustiness” of the atmosphere of 
the same mine on the same day m the Jophn district ranged from two 
to 200 per cent of a given norm 

Occupations mvolved 

It is one of the characteristic features of many reports on the subject 
that the type of dust inhaled contributes materially to the incidence 
of superadded tuberculosis In fact, it is one of the few points on 
which the large majority of authors agree Probably the simplest 
way to present this fact will be to give data on the situation with 
respect to the two diseases m several of the more important dusty 
occupations 

1 Mining a. Hard rock mining There are many kinds of min- 
ing and many substances mined Among the latter are coal, cobalt, 
gold, lead, zinc, copper, nickel, slate, iron, and silver In obtaining 
these various substances, miners are exposed to much or httle dust 
depending upon the specific process involved, whether drilhng, load- 
mg or hauling ore, whether machine drilling is employed, whether the 
process is a wet or a dry one, how efficient the ventilation is, what the 
hours of work are, what the hours are at which blasting is done, etc 
They are exposed to injurious or bland dusts depending upon the 
nature of the ore mined, and especially upon the geological environ- 
ment of the ore and the composition of the rock in the immediate 
vicinity 

These substances are found chiefly or solely in strata contaimng 
much hard rock This is especiaUy true of gold, lead, zinc, copper, 
cobalt, iron, and nickel and these have been grouped conveniently 
by Pancoast and Pendergrass (151) under the heading of hard rock 
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mining The occupations are hazardous not because of the damage 
the dusts of any of the several specific substances may cause when 
inhaled, but because of the effects derivable from inhalation of silica 
dust that IS created m the process of the mining Such damage de- 
velops rapidly or slowly depending upon the percentage of free silica 
and the amount and availability (degree of fineness, dryness, etc ,) 
of the siliceous particles 

How ever, an exception to this statement may ccrtamlj be taken in 
respect to iron Zenker’s original case (238) was one of siderosis 
Recently Cronin (44) has reported pulmonary fibrosis in hematite 
miners Of the miners examined by him, however, many had no 
s>’mptoms, some having worked for thirty years Analysis of the 
dust show ed 12 to 14 per cent of sihca and 55 per cent of iron The 
silica probably had much to do witli the pathologj and symptoms 
Whether the inhalation of copper ore as such leads to pneumonoconio- 
sis is moot That copper workers arc exposed to siliceous dusts is 
certain and that they develop chalicosis and tuberculosis wnth great 
frcquenc> has often been reported (although autopsies arc exceedingly 
uncommonly performed (Hoffman (88)) It has been pointed out 
b> Brinkmann (21) that people having chalicosis and tuberculosis die 
at a later age (j’cirs 40 to SO) than people having uncomplicated tu- 
berculosis It IS the burden of many writers to indicate that such 
miners arc often the vactims of superadded tuberculosis in tlic South 
Afncan and Australian gold mines (Miners’ Phtliisis Prevention 
Committee (66), Purdj (163), Kerr (100), Smith (195)), in the zinc 
mines of Missouri (Lanza (113)) and in tlic copper mines of Gennanv 
(Ickcrt (94)) 

It has been the experience in the South Afncan gold mines that 
among the native laborers emplo>cd, the cv idcncc of simple tuberculo- 
sis (1923) was three and ont-half times as great as that among the 
European workers in these mines, while simple (uncomplicated! 
silicosis was 56 times as great among the latter as among the former 
'1 he rclativ c rantv of simple silicosis among the nativ c laborers arises 
from the prev ailing shortness of emplovancnt (Watkins Pitchford 
(223)) 

Tunneling through rock brings v orlmen into siliceous dust® It 
IS not generallj known that there are approximaltlv 2,000 men em 
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lead to tuberculosis in the miner just as it might lead to the same dis- 
ease m his brother who had never been exposed to dust Such factors 
complicate the question a good deal and must be taken into account 
if data on the interrelation between pneumonoconiosis and tuberculo- 
sis IS to be clearly understood (111) 

What constitutes a dusty atmosphere is a relative matter Differ- 
ent parts of shop or mine at different times of the day vary tremend- 
ously in the amount of dust present, depending upon the type of opera- 
tion, the adequacy of ventilation, etc According to Higgins, Lanza, 
Laney and Rice (85) the variation in '‘dustmess” of the atmosphere of 
the same mine on the same day in the Jophn district ranged from two 
to 200 per cent of a given norm 

Occupations involved 

It is one of the characteristic features of many reports on the subject 
that the type of dust inhaled contributes materially to the incidence 
of superadded tuberculosis In fact, it is one of the few points on 
which the large majority of authors agree Probably the simplest 
way to present this fact will be to give data on the situation with 
respect to the two diseases m several of the more important dusty 
occupations 

1 Mining a. Hard rock mining There are many kinds of min- 
ing and many substances mined Among the latter are coal, cobalt, 
gold, lead, zinc, copper, nickel, slate, iron, and silver In obtaining 
these various substances, miners are exposed to much or httle dust 
depending upon the specific process involved, whether drilhng, load- 
ing or hauling ore, whether machine drilling is employed, whether the 
process is a wet or a dry one, how efficient the ventilation is, what the 
hours of work are, what the hours are at which blasting is done, etc 
They are exposed to injurious or bland dusts depending upon the 
nature of the ore mined, and especially upon the geological environ- 
ment of the ore and the composition of the rock in the immediate 

vicinity 

These substances are found chiefly or solely in strata containing 
much hard rock This is especiaUy true of gold, lead, zinc, copper, 
cobalt, iron, and nickel and these have been grouped conveniently 
by Pancoast and Pendergrass (151) under the heading of hard rock 
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mining The occupations are hazardous not because of the damage 
the dusts of any of the several speafic substances may cause when 
inhaled, but because of the effects derivable from inhalation of silica 
dust that IS created in the process of the mining Such damage de- 
velops rapidly or slovly depending upon the percentage of free silica 
and the amount and availability (degree of fineness, dryness, etc ,) 
of the siliceous particles 

However, an exception to this statement may certainly be taken in 
respect to iron Zenker’s original case (238) was one of siderosis 
Recently Cronin (44) has reported pulmonary fibrosis in hematite 
miners Of the miners examined by him, however, many had no 
symptoms, some having worked for thirty years Analysis of the 
dust showed 12 to 14 per cent of silica and 55 per cent of iron The 
silica probably had much to do with the pathology and symiptoms 
Whether the inhalation of copper ore as such leads to pneumonocomo- 
sis is moot That copper workers are exposed to siliceous dusts is 
certain and that they develop chalicosis and tuberculosis wnth great 
frequency has often been reported (although autopsies are exceedingly 
uncommonly performed (Hoffman (88)) It has been pointed out 
by Bnnkmann (21) that people having chalicosis and tuberculosis die 
at a later age (years 40 to 50) than people having uncomplicated tu- 
berculosis It IS the burden of many writers to indicate tliat such 
miners are often the victims of superadded tuberculosis in tlie Soutli 
African and Australian gold mines (Miners’ Phthisis Prevention 
Committee (66), Purdy (163), Kerr (100), Smith (195)), in the zinc 
mines of Missouri (Lanza (113)) and in the copper mines of Germany 
(Ickert (94)) 

It has been the experience in the South Afncan gold mines that 
among the native laborers employed, the evidence of simple tuberculo- 
sis (1923) was three and one half times as great as that among the 
European workers in these mines, vhile simple (uncomplicated) 
aheosis was 56 times as great among the latter as among the former 

he relative rarity of simple silicosis among the native laborers arises 
(223))^*'^ P'^'^'mling shortness of cmplovmcnt (Watluns-Pitchford 

Tunneling tlirough rock brings workmen into siliceous dusts It 
15 not generally known that there are approximately 2,000 men cm- 
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ployed underground in New York City as drillers, excavators, blasters, 
etc , and that contracts have been let which will require the labor of 
5,000 men in this kind of work for six years The type of rock m 
New York and \acimty varies a good deal and contains total silica in 
a proportion of from 56 to 95 per cent and free silica from less than one 
to 84 per cent A good percentage of the men had worked less than 
10 years and with many of them employment has been intermittent 
Yet 57 per cent of 208 of these workmen were found to have detect- 
able evidence of silicosis, and six of them had active tuberculosis 
Two of the latter, however, were nonsihcotic individuals These 
data were reported by Smith, Fehnel and a joint silicotic committee 
(194) 

h Coal mtmng Coal miners as a class are not susceptible to either 
pneumonocomosis or to tuberculosis, and when pneumonoconiosis 
does develop in such persons it is said to be due to the siliceous dust 
which is derived from the rock of the mines rather than to the coal dust 
itself However, coal miners may develop pneumonocomosis which 
eventually becomes lethal without the mtervention of tuberculosis or 
other infection This is an important consideration which should 
not be overlooked The incidence of pneumonocomosis has increased 
since the advent of machine drills for cutting through rock or earth 
“faults” w'hich he between or alongside the seams of coal This 
has been especially true in some of the bituminous mines in England 
(Tattersall (200)) in which the “hard ground faults and headings” 
show considerable amounts of sihca Tattersall studied 22 cases who 
showed signs and symptoms of pneumonocomosis, of these, 16 had 
roentgenological evidence of tuberculosis, and six presented chmcal 
evidence of this comphcation The pneumonoconiosis in coal miners 
is slower in development than that in hard rock miners but clinically 
and roentgenologically it is not different from the latter 

Although it is assumed that the damage to coal miners’ lungs is de- 
rived from siliceous dust, it is a fact that hard coal mmers develop a 
good deal more pneumonocomosis, especially second and third stages, 
than do soft coal miners Whether there is more sihca associated with 
the hard coal formations than the soft, I do not know Very recently 
Jousset (98) has contended that coal miners’ lungs usually contain a 
considerable proportion of sihca and iron which are responsible for 
the fibrosis when the latter develops 
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Several intimations of the relative infrequence of tuberculosis in 
coal miners have already been given Indeed it is so infrequent that 
many witcrs have postulated the existence of some bactericidal or 
protective element in coal dust (Hirt (87), Landis (110), Wainwright 
and Nichols (218), Shufllebotham (190) and many others) Regard- 
ing the relative incidence of tuberculosis m several different categories 
of miners in Great Bntain, Shufllebotham (190) has said “Tubercu- 
losis of the lungs is not commonly found among coal miners as among 
many other occupations, and the statistics of the registrar general 
■with regard to mortality from this cause show that while the mor- 
tality figure for aU occupied males in England and Wales is 175, that 
for the coal miner is only 85 , metalliferous miners, however, are not so 
fortunate in this respect, the figure for the Cornish tin miner being 
838 (the highest on the list of all occupations), the copper miner, 501, 
and the lead miners, 344 ’’ 

The low death rate from tuberculosis among coal miners is particu- 
larly interesting because of the fact that such miners frequently die of 
nontuberculous pulmonary diseases sucli as asthma, bronchitis, or 
pneumonia, just as do other miners This question is discussed in 
considerable detail by Hoffman (88) So coal mining is not a par- 
ticularly healthy occupation, although Barwise (11) has reported a 
deatli rate from all causes of 9 2 per 1,000 among coal miners as com- 
pared with 14 6 for "others ” In 1858 J B Thomson (205) gave the 
duration of life among coal miners at 26 1 years and that of undefinctl 
laborers as 34 0 years 

2 Quarrying Quarrj ing embraces a large number of occupations 
such asdnlling, blasting, crushing, and hauling alargcvaricty of rock, 
some of whidi arc dangerous and some innocuous Among these 
tj^ics arc scdimentarj stone and igneous stone, the former being more 
dusl> and the latter (comprising granite) being exceedingly bard 
Quarrying also includes working in the bottom of pits where dust and 
dampness are both abundant and working in the ojicn air at the top 
01 pits where the concentration of dust is relativ cly loa 

In the consideration of the complication of tuberculosis among 
quarrymen, framte workers come up first for attention It has been 
recently shown by McEarland (120) that the air in granite cutting 
pUiits of Barrc, Vermont may contain as mans as 2,300 p''rticle-) of 
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dust per cubic centimeter and that the worker inhales approximately 
2,000,000 particles of dust with each breath He further stated that 
Barre granite contains about 70 per cent sihca and 25 per cent free 
silica Among this class of workmen the death rate from tuberculosis 
which has always been rather high, jumped to an alarming level at the 
time machine drilling became widespread According to Hoffman 
(90) the death rate from tuberculosis among granite quarrymen in 
the New England States was 432 0 per 100,000 during the years from 
1895 to 1899 and 1056 7 during the period from 1915 to 1918, and 
this in face of the fact that among the general population the rate was 
steadily declining in the intervening years between these two periods 
He felt that ^^the effect of dust inhalation is one of growing seriousness 
according to the rate of dust accumulation in the lungs ” Jarvis 
(95) has shown that pneumonoconiosis begins to develop fairly soon 
after employment is assumed, that the average development of first 
stage findings is from 10 to 20 years, of second stage findings from 
20 to 40 years, and of third stage findings from 30 to 40 years As in 
the case of certain miners, so in granite workers tuberculosis makes its 
appearance during the comparatively late years of hfe Again the 
question arises as to the correctness of the diagnosis in many of these 
cases Unfortunately it is impossible to know whether many of the 
deaths reputed to have been due to tuberculosis were not in reality due 
simply to uncomplicated pneumonoconiosis For autopsies in such 
circumstances have been exceedingly few and sputum examinations 
have been too scattermgly done However, Baldwin (9) has given 
excellent evidence of the high incidence of tuberculosis in the gramte 
workers in Vermont. His committee examined more than 1,000 cut- 
ters of Barre, 427 of which were examined in detail and reported statis- 
tically. Of the 427 men only 28 had no signs of silicosis, nearly all 
who had worked as long as 10 years had considerable silicosis and about 
one-fourth of the number had either defimte or suspected tuberculo- 
sis, the majority of these were still vigorous and at work, of 56 cases 
of suspected tuberculosis (by x-ray), 27 showed physical signs of 
disease Twenty-six cases had tubercle baalli in the sputum e 

15 These rates are based on death certificates and are therefore not to be taken at their 
face value. Undoubtedly a good number of these deaths were due to pneumonocomosi 
alone and some of them to undefined pulmonary disease 
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thus pointed out tliat a careful ph>sical examination, a satisfactory 
roentgenogram and patient, painstaking sputum examination lull 
usually detect the presence of tuberculosis associated ivith pneumono- 
coniosis 

Granite dust is essentially silica dust and, like the latter, is insoluble 
and IS readily carried to l3Tnph nodes in the lungs where it leads to 
marked fibrosis Gardner (64) has shown that guinea pigs exposed to 
prolonged inhalation of granite (and other) dusts become definitely 
more susceptible to tuberculosis 

In addition to granite, other stone such as hmeslonc and marble, 
are quarried It is notable that there is very little pncumonocomosis, 
among limestone and marble workers and not more tuberculosis than 
among the general population The amount of silica in limestone is 
slightly more than one per cent and in marble it is practically non- 
existent Gardner (64) has pointed out the fact that marble dust is 
largely soluble and that, although after prolonged inhalation of marble 
dust, a certain amount of insoluble siliceous matter accumulates in 
the lung, calcium is not found there and marble dust produces no es- 
sential reaction in the tissues 

3 Metal gnudtng In tool and implement making the grindstone 
IS greatly used and is the major source, possibly the only source, of the 
dust which frequently does the grinder harm That iron or other 
metalliferous dusts are somewhat harmful for sc is probable, but it is 
established that the silica from the grindstone may leid relatixcly 
rapidly to the development of silicosis Pancoast and Pendergrass 
(151) reported having examined 25 grinders of whom a large majority 
were in the first and second stages In some of these the affection 
developed early 

It IS notorious, especially in the older literature, that the mortalil> 
from so called gnndcr's rot (presumeti to be tuberculosis) was extraor- 
dinnnlj high Prior to ISOO there was considerable diversification 
and no specialization in the cutler’s occupation In 1822 Kiught 
(105) commented upon the fact that grinder’s rot had become common 
onl) recently becau'e, until a few vears earlier, workmen had not been 
cxjxised continuousl} or for considerable periods to great amounts of 
dust such os tho'e would be who lept constant}.! at the grinding 
wheels Recenth iJrur) (50) has rejKirtcd the astounding dcatli rate 
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dust per cubic centimeter and that the worker inhales approxunately 
2,000,000 particles of dust with each breath He further stated that 
Barre granite contains about 70 per cent silica and 25 per cent free 
silica Among this class of workmen the death rate from tuberculosis 
which has always been rather high, jumped to an alarming level at the 
time machine driUing became widespread According to Hoffman 
(90) the death rate from tuberculosis among granite quarrymen in 
the New England States was 432 0 per 100,000 during the years from 
1895 to 1899 and 1056 7 during the period from 1915 to 1918,*® and 
this in face of the fact that among the general population the rate was 
steadily declining in the intervening years between these two periods 
He felt that “the effect of dust inhalation is one of growing seriousness 
according to the rate of dust accumulation in the lungs ” Jarvis 
(95) has shown that pneumonoconiosis begins to develop fairly soon 
after employment is assumed, that the average development of first 
stage findings is from 10 to 20 years, of second stage findings from 
20 to 40 years, and of third stage findings from 30 to 40 years As m 
the case of certain miners, so in granite workers tuberculosis makes its 
appearance during the comparatively late years of life Again the 
question arises as to the correctness of the diagnosis in many of these 
cases Unfortunately it is impossible to know whether many of the 
deaths reputed to have been due to tuberculosis were not in reality due 
simply to uncomplicated pneumonoconiosis For autopsies in such 
circumstances have been exceedingly few and sputum examinations 
have been too scatteringly done However, Baldwin (9) has given 
excellent evidence of the high incidence of tuberculosis in the gramte 
workers in Vermont His committee examined more than 1,000 cut- 
ters of Barre, 427 of which were examined in detail and reported statis- 
tically Of the 427 men only 28 had no signs of silicosis, nearly all 
who had worked as long as 10 years had considerable sihcosis and about 
one-fourth of the number had either defimte or suspected tuberculo- 
sis, the majonty of these were still vigorous and at work, of 56 cases 
of suspected tuberculosis (by x-ray), 27 showed physical signs of 
disease Twenty-six cases had tubercle bacilli in the sputum 6 

» These rates are based on death certificates and are therefore not to be taken at their 
face value Undoubtedly a good number of these deaths were due to pneumonoconiosis 
alone and some of them to undefined pulmonary disease 
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thus pointed out that a careful ph>'sical examination, a satisfactory 
roentgenogram and patient, painstaking sputum examination iwll 
usually detect the presence of tuberculosis associated with pneumono- 
coniosis 

Granite dust is essentially silica dust and, like the latter, is insoluble 
and IS readily carried to lymph nodes m the lungs where it leads to 
marked fibrosis Gardner (64) has shown that guinea pigs exposed to 
prolonged inhalation of granite (and other) dusts become definitely 
more susceptible to tuberculosis 

In addition to granite, other stone such as hmesionc and marble, 
are quarried It is notable that there is very httle pneumonoconiosis, 
among limestone and marble workers and not more tuberculosis than 
among the general populabon The amount of silica in limestone is 
slightly more than one per cent and m marble it is practically non- 
existent Gardner (64) has pointed out the fact that marble dust is 
largely soluble and that, although after prolonged inhalation of marble 
dust, a certain amount of insoluble siliceous matter accumulates in 
the lung, calcium is not found there and marble dust produces no es- 
sential reaction in the tissues 

3 Mclal grinding In tool and implement making the grindstone 
IS greatly used and is the major source, possibly the only source, of the 
dust which frequently does the gnnder harm That iron or other 
metalhforous dusts are somewhat harmful per sc is probable, but it is 
established that tlie silica from the gnndstone may lead relate ely 
rapidly to the development of silicosis Pancoasl and Pendergrass 
(151) reported liavang examined 25 gnnders of whom a large majority 
were in tlie first and second stages In some of these the affection 
dev eloped early 

It IS notorious, espeaally in the older literature, that the mortality 
from so called grinder's rol (presumed to be tuberculosis) was extraor- 
dinarily high Poor to 1800 there was considerable diversification 
and no specialization m the cutler’s occupation In 1822 Knight 
(105) commented upon the fact that grinder’s rot had become common 
only recently because, until a few years earlier, workmen had not been 
exposed continuously or for considerable penods to great amounts of 
dust sucli os those would be who kept constantly at the gnnding 
wheels Recently Drury (50) has rcportcel the astounding death rate 
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and symptoms of pneumonoconiosis do ensue, they resemble those of 
pneumonoconiosis induced by other types of sdica or rock dust Such 
workmen are rather subject to tuberculosis, but Landis considered the 
trade a good health risk Howcv er, he felt that many potters eventu- 
ally die of uncomplicated pneumonoconiosis He insisted upon the 
value of repeated examinations of the sputum in tlie differentiation 
between simple pneumonoconiosis and pneumonoconiosis wntli pul- 
monary tuberculosis superadded The roentgenological aspect of 
this question and indeed of several of the most important dusty oc- 
cupations has been very clearly dealt with by Pancoast and Pender- 
grass (151) 

5 Brick making Ihere is reason to presuppose that brick makers 
have substantially the same experience m respect to pneumonoconio- 
sis as do potters for botli groups handle dried earth and clay in which 
there is usually considerable sand But it is certainly uncommon to 
see signs of pulmonary disorder among makers of ordinary brick 
This may be due to the fact that many of the manipulations in brick- 
making involve the handling of wet material only Panconst and 
Pendergrass have seen no case of pneumonoconiosis among them and 
reported that one man who had been occupied for 40 years showed no 
silicotic changes in tlic lungs Several wnters (Middleton (128), 
Collis) have reported pneumonoconiosis and tuberculosis among the 
workers of silica brick 

There is, however, a certain type of brick made of ganislcr, the 
manufacture of which is considered a dangerous trade According to 
Sutherland (199) a great deal of gamster dust is disengaged in the pro- 
cess of gamster brick manufacture, and the better grades of this pro- 
duct contain from 87 to 96 per cent of silica The consequence is that 
the incidence of silicosis is xery high among those employed in such 
works Of 1,254 such workmen examined by' Sutherland, 8 3 per 
cent were found to have cither silicosis, tuberculosis, or both lie 
found that men employed in different parts of the works \aried preath 
m the incidence of pulmonary' disease This latter is a matter to 
which insufficient attention has been jiaid in the piist 

<7 Carborundum manufacture Carborundum is essentially silicon 
carbide It contains no free silica According to Holmes (92) em- 
ployees in the dusty atmosphere of the carborundum plants at Xiagara 
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Falls escape serious pulmonary disease But it is his opinion that the 
dust is harmful and that they escape by virtue of their mconstance 
which leads to a marked labor turnover Clark (30), (31) has found 
no preponderance of pulmonary disease among such workers even those 
employed for a considerable number of years Experimentally, Gard- 
ner (62) has shown that carborundum dust is harmless to the normal 
lung. He found, however, that if it is inhaled during a developing 
pulmonary tuberculosis, there appears a degree of fibrosis greater than 
could be expected from a "summation” effect of response to both ex- 
citants Exposure of guinea pigs for more than three years to the 
inhalation of crystolon— and abrasive made up of 98 per cent of silicon 
carbide and 0 5 per cent of silica produced strikingly little change m 
the lungs (Wilhs (229)) and did not predispose to tuberculosis 
7, Glass makmg Much of the work in the manufacture and han- 
dling of glass is innocuous, while certain of the occupations in the indus- 
try are distinctly injurious to health This latter applies to the mix- 
ing operation preliminary to actual manufacture, to cutting, grinding, 
and blomng Several of these predispose to tuberculosis (Hoffman 
(89)) In 1873 Hirt (87) gave the average age at death of glass 
grinders as 42| years In general this hazard has experienced a vety 
material diminution in recent years (Hoffman, (88)) Silica which 
is one of the basic ingredients of glass is the important, if not the sole, 
cause of pulmonary damage m this industry (this obviously leaves 
out of discussion the effect of lead and other substances used in the 
industry but having nothing to do with pneumonoconiosis) 

8 Saiid blashng. This process is still carried on within enclosures 
where the workmen are unprotected from the inhalation of fine, sili- 
ceous particles by anything more than a handkerchief tied over the 
nose and mouth. The concentration of very fine particulate siliceous 
matter is quite as great in this occupation as m any of the dusty trades 
In certain sand blasting operations, strong currents of air are thrown m 
the direction of the blast itself m an effort to carry the dust away from 
the operator who stands behind a carbinet during the operation 
Thompson (204) has given a good description of sand blasting and has 
recounted its operative procedures, dangers and the protective efforts 
employed 
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P Cement making and handling It is generally stated that cement 
ivorkers do not develop pulmonary fibrosis from their occupation and 
are not unusually susceptible to tuberculosis Nagai*' (141) exposed 
some guinea pigs to the inhalation of cement dust and others to in- 
halation of cement dust to rvhich tubercle bacilli had been added 
The dust neither produced any deleterious effect upon the normal 
lungs nor modified the development of tuberculosis in any naj Yet 
Pancoast, Miller and Landis (150) examined 20 cement workers, one 
of ivhom had been occupied for 19 years, and found definite roentgeno- 
logical changes of second stage pneumonoconiosis in 15 and possible 
first stage changes in the remaining five (See also Pancoast and 
Pendergrass (151)) It is rather surprising that cement does not lead 
to more damaging effects in tlie lungs because, according to Tucker 
(212), it contains approximately 15 per cent of sdica This author 
gave tlie following analysis of the crude mix from which cement is 
made 



fetetr! 

Silica 

15 IB 

Iron Alumina oxide 

5 06 

Calcium carbonate 

76 34 

Magnesium carbonate 

2 90 

UnclcternUncd 
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Pinished cement contains silica in amounts of 22 98 per cent and lime 
to the extent of 63 10 per cent The association of other dusts maj 
account for tlie harmlessness of this product This industrj , hi e 
that of carborundum making, is of too recent origin for us to know 
what the ultimate effect upon the lungs of its w orkmcn w ill be let it 
IS well established that diseases of every sort, and especially pulmo 
mry diseases, arc notably uncommon amongst cement workers 

10 Lvne handling Lime is rcadilv soluble in the tissues Lime 
workers are a healthy people in general witliout higher inadcncc of 
any of the pulmonary diseases than people not so employ e<i Ptekreh 
(167) has shown that tuberculosis is rare among these people, and Stl- 
I irk (186) was unable to find cither pneumonoconiosis or tuberculosis 
among lune worlers He adsocated hmc and cement \ orling ns a 

** W letter (lust u«eU was lime or ccirent b not quite certain f ooi ll e abstract O Iri- 
ral retereace was rot asnilable 
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' F aUs escape serious pulmonary disease But it is his opinion that the 
dust is harmful and that they escape by virtue of their inconstance 
which leads to a marked labor turnover Clark (30), (31) has found 
no preponderance of pulmonary disease among such workers even those 
employed for a consideiable number of years Experimentally, Gard- 
ner (62) has shown that carborundum dust is harmless to the normal 
lung He found, however, that if it is inhaled during a developing 
pulmonary tuberculosis, there appears a degree of fibrosis greater than 
could be expected from a “summation” effect of response to both ex- 
citants Exposure of guinea pigs for more than three years to the 
inhalation of crystolon — and abrasive made up of 98 per cent of silicon 
carbide and 0 5 per cent of silica produced strikingly httle change in 
the lungs (WiUis (229)) and did not predispose to tuberculosis 
7. Glass makmg. Much of the work in the manufacture and han- 
dling of glass is innocuous, while certain of the occupations in the indus- 
try are distinctly injurious to health This latter applies to the mix- 
ing operation preliminary to actual manufacture, to cutting, grinding, 
and blowing Several of these predispose to tuberculosis (Hoffman 
(89)) In 1873 Hirt (87) gave the average age at death of 
grinders as 42f years In general this hazard has experienced 
material diminution in recent years (Hoffman, (88)) Sih 
is one of the basic ingredients of glass is the important, if 
cause of pulmonary damage in this industry (this o’ 
out of discussion the effect of lead and other subsl 
industry but having nothing to do with pneumo' 
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P Ccmcnl mahng and handling It is generally stated that cement 
workers do not develop pulmonary fibrosis from their occupation and 
are not unusually susceptible to tuberculosis NagaP' (141) exposed 
some guinea pigs to the inhalation of cement dust and others to in- 
halation of cement dust to which tubercle baalli had been added 
The dust neither produced any deleterious effect upon the normal 
lungs nor modified the development of tuberculosis in any way Yet 
Pancoast, Miller and Landis (150) examined 20 cement workers, one 
of whom had been occupied for 19 years, and found defimte roentgeno- 
logical changes of second stage pncumonoconiosis in 15 and possible 
first stage changes in the remaimng five (Sec also Pancoast and 
Pendergrass (151)) It is rather surprising that cement docs not lead 
to more damaging effects in the lungs because, according to Tucker 
(212), It contains approximately 15 per cent of silica This author 
gave the following analysis of tlie crude mix from which cement is 
made 
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Pmishcd cement contains silica in amounts of 22 98 per cent and lime 
to the extent of 63 10 per cent The association of other dusts may 
account for the Inrmlcssness of this product This industry, like 
that of carborundum making, is of too recent origin for us to know 
w hat tlie ultimate effect upon the lungs of its workmen will be Yet it 
IS w ell established that diseases of cvcr>’ sort, and cspcaally pulmo- 
nar> diseases, are notably uncommon amongst cement worlcrs 

10 Lime handling Lime is rcadilj soluble in the tissues Lime 
workers arc a hcallli> people m general without higher incidence of 
an> of the pulmonarv diseases than people not so cmploj cd Reckreh 
(167) has shown that tuberculosis is rare among these people, and '^cl- 
kirl (186) was unable to find either pncumonoconiosis or tuberculosis 
among hmt workers lie adxocatwi lime and cement working as a 

’• WTicthr- ilust uted was l.roe o- cement is not quite certain from tlie atetract On-i- 
nil tcfeteact nas not as-dlable “ 
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prophylactic measure for those predisposed to tuberculosis Coutiere 
(41) exposed people with pulmonary tuberculosis to the inhalation of 
lime dust and carbonic anhydrid for five minute periods 10 or 12 
times a day continued for two, three, and four months — and reported 
many of them as having become definitely arrested and others much 
improved However, one,_ might properly take exception to such 
work on several counts such as the rapidity of recovery, shortness of 
the period of treatment, definition of the term “arrested,” the evalua- 
tion of the psychic effect of the treatment, etc Barwise (11) gave the 
death rate for lime workers as being lower than that for agricultural 
workers, and Thackrah (202) in 1831 found no deleterious effects from 
the inhalation of hme He observed that “bricklayers and plasterers’ 
laborers, like asses, never die ” Plasterers appear to be as exempt as 
other lime workers from serious pulmonary disease 
11 Asbestos handhng. Asbestos is a calcium and magnesium sih- 
cate (Cooke (38)) which contains 40 per cent of free silica It is 
quarried out of rock which contains a high proportion of silica In 
its manufacture into goods, it must go through the processes of card- 
ing, spinning and heating — all of which, according to Oliver (147), 
are very dusty The latter author described several cases, in these no 
tuberculosis was detectable Pancoast, Miller and Landis (150) 
found definite roentgenological changes in asbestos workers Cooke 
(38) reported a case of asbestosis and tuberculosis m a woman of 33 
who had worked 20 years at her trade There was extensive bilateral 
pulmonary fibrosis in the x-ray plate in addition to roentgenological 
evidence of tuberculosis These findings were verified at autopsy , 
Wood (236) has given a clinical and radiographical description of 
this disease which in certain respects differs from ordinary silicosis 
For instance he found wasting, cyanosis and frequent clubbing of the 
fingers m addition to the dyspnea, cough and other symptoms that are 
characteristic of pneumonocomosis from other cause He found that 
roentgenologically the reaction tended to be located chiefly in the 
lower two-thirds of the lungs and the shadows were a fine network not 
so coarse as those in silicosis He observed that pneumonia and bron- 
chitis were common in such persons, but it remained an open question 
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whether tuberculosis was common among them He based his report 
on 15 cases 

A very valuable table of mortality rates from tuberculosis in various 
dusty trades was compiled for the English journal “Tubercle” (211) 
in 1922 It IS reproduced m table 3 The table carries a rough 
analysis of the dust m the several occupations hsted and pays par- 
ticular attention to the amount of free silica It gives the annual 
death rate and the ratio wrhich the death rate from this cause bears to 
that from all causes It is unfortunate that the term phthisis is 
used, for this term includes both uncomplicated pneumonocomosis 
and pneumonocomosis wath tuberculosis 


Vn PROPHYLAXIS AND TREATMENT 

It IS one of the conspicuous charactenstics of pneumonocomosis 
that IS IS usually unremittingly, if slowly, progressive This is em- 
phasized in the most recent report of the Aimers’ Phthisis Aledical 
Bureau (175), m which the data show clearly that the disease tends to 
advance irrespective of whether the miner retires when his disease 
first becomes manifest or whether he continues at his occupation for 
Months or even years after the diagnosis is made Therefore, it is 
much more important to prevenl the development of this disease than 
to treat it after it has become clinically established 
Although It IS demonstrated that not all people are equally suscep- 
tible to the effects of dust, it is patent that workmen would never 
become pneumonocomotic if the> did not breathe particulate matter 
into the lungs with the air And it is logical that protective efforts 
should concern chiefly this aspect of the problem Preventive mea- 
sures have been employed which (1) lessen the amount of dust, chiefly 
> the use of respirators and masks, by ventilation, spnnkling, regula- 
tion of hours for blasting, etc , those w hich (2) by initial and periodical 
, •^’'UMination allow only selected people to be exposed and 
hom'^ have regard to the general hygiene of work places and 


* ^'0 Meremtlicr (J Indus! H) r , 1930, iii, 198 and 239) has gn cn 

a'^ccuo' 'k dcscnption of all aspects of asbestosis lie concluded Ih'it 

^ charactenstics which differ considcnblj from those of silicosis 
^ wbestos industry is a distinct hazard to bealUi 


TABLES 

Tuberciilosts statistics Mortality from pulmonary tuberculosis in various dusty trades 
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cau^ b> tbe exposu-c being mo't intense in some cases than m others, c.g , the pneumatic tool of the granite cutter raises more dust 
than the chisel and mncl of the stonemason 
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IntoUigciit iiit6r6st End cooperation of operators, such, as has been 
shown by the large works in Vermont, point the way very defimtely 
to better prophylaxis and treatment in this malady. 

Reduction of amount of dust 

1 Use of respirators Respirators have been many and varied 
The ancients, as recorded by Phny (157), used bladders over their 
faces when they worked in vermilion Linen cloths over the mouths 
of workers while in the dust have been recommended by numerous 
authors The use of a gauze helmet for needle grinders was recom- 
mended by Johnstone (97) in 1799 Thackrah (202) observed in 1831 
that machine workers who used grindstones covered their faces with 
handkerchiefs An ingenious respirator was devised by Abraham and 
described by Holland (91) in 1843 It was designed with the idea of 
arresting metal particles which were thought to be the source of dan- 
ger in the dust from grinding machines It consisted of a guard or 
mouthpiece "with a radial arrangement of magnets about the mouth 
which should deflect particles of iron and other metals from the path 
of the inhaled air Holland noted that it doubtless did some good but 
had a very limited application because (1) only a small proportion 
of workers would wear it and especially because (2) it did not prevent 
the inhalation of gritty, nonmetallic particles which do great harm 

Simple respirators or face masks for protection against dust have 
been recently recommended by the New York Department of Labor 
(142), by Dunlap (52) and by Lockhart (116) Yet, as Bohme (17) 
recently pointed out, no respirator so far devised has been adequate in 
removing a sufficient amount of the finer dust particles to insure free- 
dom from pneumonoconiosis by its use, and this for the reason that 
masks made with a mesh small enough to prevent permeation by the 
most minute particles render respiration difficult Therefore, res- 
pirators offer but a partial solution They should be used more ex- 
tensively than is the case at present but their use should be combined 

with other methods of protection 

2 “Wet” methods Reduction of the amount of fine dust in the air 
which workers must breathe is of far greater importance than the use 
of respirators, valuable as the latter may be in certain circumstances 
This may be done both by lessening the production of dust and by 
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removal of generated dust In the production of dust, drilling (in 
mines) and gnnding (in manufacturing industry) lead the field, and 
both were formerly carried on m tlie dry state ifany of the early 
writers noted a difference in the inadencc and degree of disease 
amongst dry and wet grinders Thackrah (202) for instance reported 
(1831) that the Sheffield “fork gnnders, who use a dry gnndstone, die 
at the age of 19 to 32, while the table knife grinders, who work on v.ct 
stones, suiw’ive to between 40 and 50 ” Holland (91) commented on 
the proposition in like vein in 1843 In the ordinarj' wet grinding 
process the wet dust is washed out onto the floor or nearby surround- 
ings If this IS allowed to dr> , then there are a large number of par- 
ticles which may be disengaged by walking, or jarring, so that po- 
tentially at least wet methods offer a considerable menace — mucli more 
than an adequately ventilated dry work place docs, according to 
Winslow and Greenburg (233) 

Holies (18), wnting in 1881 on the industnal history of the United 
States, stated that in the grinding rooms of ax factories, “the fine dust 
flies in clouds from the stones m c\cry direction, notwnthstanding the 
stones arc all the time completely deluged witli water” Mhnslow 
and Greenburg (233), from whose article this quotation is taken, stated 
that, contrary to the prevailing opinion (Oliver (145), Lush (118), 
Llojd (115), Price (161), Thompson (204)) "tlic protection afforded 
by wet grinding, as compared with dry grinding, is illusorj ” They 
found that the atmosphere m drj gnnding sheds (with exhaust sjs- 
tem) often contained less than one-tenth the number of dust particles 
that were found in surroundings of the wet gnnding process Ihcy 
attributed this to two facts namclv, (1) The grinders, doing piece 
work, find that a wet stone slows up production and the> prefer to 
work with a moist rather than a wet stone, and (2) the absence of any 
exhaust system in the wet shops 

However, the general trend of opinion has been that wet processes, 
propcrlv employed, contribute very matcnally to lessening the quan- 
titv of dust in inlulcfl air I he maclnnc drills so equipped that a spurt 
of water is delivered dimng drilling through perforations in the bitarc 
extensively cmplovcd and in several mining communities are required 
According to Harrington (79) it is at first difficult to bc'’t tlov n the 
miners' opposition to the drill, but once thev •'rcshoi n the advantage 
of the “wet” tool, thev ilmosl invinablv insist ujioa the laH<r 
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External sprays have also been used for dust-laying but without 
great success. 

Wet drilling and grinding are associated with wet clothing, high 
humidity, (especially in nunes), and, in the opimon of the workers and 
some physicians, an increased liability to colds, and arthritis Also 
it is to be remembered that wet drilling does not affect the fine dust 
which originates from blastmg and which is inevitably suspended m 
mine air This fine, suspended dust should be treated as a gas 
(Haldane) and should be dealt with by ventilation and exhaust sys- 
tems Moisture m the air facilitates inhalation of the particles which 
remain. It also tends to protect tubercle bacilli from the deleterious 
effects of drying 

J methods Of themethods devised for reducing the amount 

of dust in the air none has been so efilcacious as ventilation combined 
with suction and exhaust systems These are employed in shops, 
especially where ''dry" methods are in vogue but are not used ex- 
tensively m mines as yet Modern ventilating and suction systems 
are reqmred by ordinance in many localities in the dusty industries 
and, to a lesser extent, in mines After a review of the numerous ways 
of removing dust, AUen (4) has come to the conclusion that drawing 
it into a conduit by an inflowing suction is far superior to any other 
scheme of removal It is interesting that nearly one hundred years 
ago Holland (91) devised a simple suction apparatus consisting of a 
wooden funnel, pipe and fan which removed a great deal of dust m 
grinding shops Agricola (1) advocated ventilation of mines 

4. Blasting Blasting creates the finest of dust particles and pro- 
duces them in the largest numbers Nearly aU of the particles are 
below 12 microns and the average particle is 2 5 microns The air 
after blasting is charged with these fine particles which have been 
found to number as many as 86,000 miUion (500 mgm ) to the cubic 
meter. This dust penetrates the atmosphere over large areas Un- 
less removed by ventilation it may be suspended easily m the air by 
operations in the mine, subsequent blasting, etc , even after it settles 
Lack of strict control of blasting has in the past been a potent cause of 
sihcosis In the South African mines prescribed standards of ventila- 
tion regulate the frequency and type of blasting, which is allowed m a 
given mine but once in 24 hours 
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5 Vsc of compostlton wheels It has already been stated that car- 
borundum and other composition wheels contain but little free silica 
In addition to this, they are very hard and tliereforc wear longer and 
yield much less dust than do sandstone wheels In ShelTield composi- 
tion wheels have been substituted for sandstone (162) One such 
wheel three and one-half feet m diameter will last for 10 years while 
a sandstone wheel six feet in diameter will be worn down in less than 
si\ months Thus, even if the percentage of silica w ere tlie same, the 
sandstone wheel generates 100 times as much dust as the composition 
one docs Macklin and Middleton (123) investigated this question in 
England by examining 1,153 grinders, among whom there were 53 
cases of tuberculosis Of these 7 07 per cent w ere w et sandstone hand 
grinders and 2 76 per cent represented all otlier tj-pcs of grinder (wet 
sandstone machine, dry sandstone gnnders, cutters, grinders using 
composition wheels, glazers and dressers) The advantage to the 
workmen of such a scheme as this is so clear as to call for bltle 
comment 

a Slandardtzalion of duslincss Another measure m prevention 
and one closelj related to the various “w ct” and “dry” processes is 
the standardization of the dustiness of the atmosphere whidi workmen 
must breathe As a result of long experience, officials of the mines on 
the Rand came to require diat mine air shall contain not more than 
five milligrams of dust to the cubic meter In man> work places, how - 
ever, where diy processes arc used and poor ventilation pro\ails the 
amount maj be more than 500 mgm to the cubic meter of air Hig- 
gins, Lanza, Lanev and Rice (85) has c suggested as a standard a con- 
centration of less than one milligram per 100 liters of air Sucli a 
concentration, the> held, is ordinanly safe, one above that is ordi- 
nanlj unsafe But in the I inal Report of the Miners’ Phthisis Pre- 
\ tnlion Committee (55) some interesting data arc gi\ tn in a discussion 
of the relation between weight and number of dust particles It is 
contendeel that a milligram of particles measuring two microns in 
diameter wall contain mans more particles than would the same v eight 
of particles having a diameter of 6 or of 10 microns 'I his report 
stated th it tn air containing fiv e milligrams of dust per cubic meter the 
number of particles mav vary from 85 to 700 per cubic centimeter v bin 
the av crage diameter of the particles is not greater than 5 5 microns 
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It also showed that the number of particles per milligram may vary 
from 17 to 140 million So it is clear from this that the standardiza- 
tion which is based solely upon weight is unsound in principle and 
unsafe in practice and that the gravimetric method is not as depend- 
able as the countmg method. Gravimetnc methods fall down in 
furmshing a true index of the hazard particularly when the individual 
particles are large (and heavy) The standard count which is within 
the hmits of safety (55) is 300 particles or less per cubic centimeter as 
will be seen from the statement given below, which is taken from this 
report 

There follows this report, however, a minority report which brought 
into serious question this particular method of determination of dust 
content in the air and left the whole question in a rather uncertain 
state 

The counts on a given sample of air vary a good deal depending upon 
the type of apparatus used The above estimations were made with 
the Kotze-Konimeter Greenburg (70) , in a comparative study of the 
several accepted methods, has shown that the konometer has many 
points in its favor and several objections It takes an instantaneous 
sample, it does not allow gravimetnc analysis and it yields low results 
when the air is heavily charged with dust Apparently the impinger 
method yields the best results. 

7 Summary of ‘‘wet” and “dry” methods The following quotation 
from the last report (1928) of the Miners’ Phthisis Medical Bureau 
(175) is germane, for in terse, summary fashion it presents very briefly 
the prevailing conception m South Africa of these preventive measures . 


“In this connection it is of interest to compare the number of parbcles inhaled with 
the number actually found m the lungs A recent estimation of the dust in the lungs of 
a person who had died with phthisis shows that they contam about 13 grams of sihcious 
dust, consistmg of 20 million million particles If a man at work breathes one cubic foot 
of air per minute contaming 300 particles per cubic centimeter, and if they were assumed 
to be all sihcious, and if he works 300 days of eight hours each in the year, it would take 
him 16 years to mhale the 13 grams mentioned Smce the lungs are normally capable o 
deahng with some of the dust entering them, and smce all the dust in the air does not 
reach the lungs, it is obvious that the period is much longer than 16 years 

“If, therefore, a standard of 300 particles per cubic centimeter be adopted as the upper 
limit of safe workmg, the probabihty is that, under ordmaiy circumstances, con- 
ditions will be such as to approximate to an amount of dust represented by a is 
number ” 
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“Although the use of water has contnbuted very largely to the great 
reduction of the dust content of mine air which has been brought 
about and which has completely altered tlie general picture under- 
ground, nevertheless, experience on the Rand has showTi that tlie use of 
w'ater as a preventive of 'miners' phtliisis’ not only has definite limi- 
tations, but has certain positive disadvantages It will take one a 
large part of the way, but it wall not take one all the way ’’ 

These hmitations and disadvantages are fairly numerous It atcr 
IS remarkably efficacious in laying coarser dust at its source in both 
mine and shop, but it is not equally efficacious m removing the verj' 
finest particles, particularlj the particles formed by blasting Even 
with most complete sprav ing systems, there remains in mine air, after 
blasting, a residuum of very' fine dust which is susceptible to removal 
only by’ v’entilation It should be treated as a gas (Haldane) A 
humid air affords a much better vehicle than docs a dry air for the 
inhalation of dust It also facilitates the intake of tubercle bacilli 
which may be suspended m the air The latter circumstance, 
however, occurs much less commonly' in wet tlian in dry surroundings 
Pathological investigations hav c led to the general belief among South 
African workers that tuberculous infection is most commonly con- 
veyed by inhalation of a contaminated atmosphere Dry methods 
should be developed further Further, at the depths and the tem- 
peratures at which mining is now being earned on, an increase in the 
humidity of mine air tends, by preventing loss of heat from the 
body , markedly to diminish working efficiency , and may in indiv idiial 
cases lead to senous results from a nsc of the body temperature 

Physical cxaim/ialwn of cmplct\ccs 
1 Imlial awl periodical cxaimiiatioiis No scheme of prophvlavis 
could be adequate which did not contemplate the physical status of 
workers both at the beginning of employment and at periodic intervals 
dunng the latter Such examinations should look into the condition 
of the upper respiratorv tract to ascertain anatomical faults, (or, is 
already indicated, people with abnormalities of this tract an defi 
nitelv prone to earh dev clopmcnt of pneumonocomo u Tht'e ex 
eniinations should be made wath especial ngard to the existence of 
tuberculosis, past or present, or of other diseases of the lungs Or of 


I I 
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evidence of faulty respiratory function Unusual limitation of pul- 
monary expansion, abnormal shape or marked asymmetry of the 
chest should eliminate the apphcant It is obvious that gross defects 
in the upper respiratory tract ought automatically to rule the appli- 
cant out of dusty work The presence of any sign of tuberculosis — 
active or inactive — in the lungs or any other part of the body is almost 
always regarded as an absolute contraindication to employment m 
siliceous dusts. In South Africa any disease of the lungs eliminates 
the prospective worker from underground employment although such 
persons may obtain work above ground The so-called vertical or 
“drop” heart is also a contraindication to employment within the 
mines because it is one of the signs most co mm only encountered in 
tuberculosis (173) This sign, however, probably represents nothing 
more than a state of asthenia which may be brought about by a good 
many other causes than tuberculosis Tuberculosis is by far the most 
common cause of invahdism in people with pneumonocomosis, and 
its introduction should be prevented in every possible way. It is 
obvious that the physical examination would take into account car- 
diac and other disabilities of the applicant 
Periodical examinations of workers after employment has been ob- 
tained are of quite as much importance as imtial examinations, be- 
cause pneumonoconiosis eventually develops in many men who are 
exposed sufficiently long to the inhalation of siliceous dusts It is 
obvious that this affection should be detected in its earliest stages, 
for removal of the worker from the dust at the beginning of his affec- 
tion will go far toward prolonging his life and continuing his productiv- 
ity even though the disease tends to be progressive irrespective of 
further exposure The silicotic person has a defimtely increased suscep- 
tibility to tuberculosis which constitutes another valid and important 
reason for periodic examinations The beginning sihcotic should be 
removed m an effort to prevent him from developing tuberculosis 
Too, periodic examinations will detect tuberculosis in its beginning 
stages and, by leading to removal of the affected workmen, will both 
give him an opportunity for early treatment and eliminate a new 
source from which tubercle baciUi may emanate and spread to fellow 

workmen . c fL 

Periodical examinations were made on 14,726 persons m the bou 
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Afncan mines last year (175) Of these, 427 were found to ha\ c simple 
silicosis and gave a “prevalence” rate of 2,899 per 100,000 Of these 
427, honever, 144 had been detected m previous examinations but 
had remained at vork These deducted, there remained 283 “new” 
cases which gave a “production” rate of 1,941 per 100,000, as com- 
pared with a rate of 2,691 for 1926-1927 and one of 3,859 per 100,000 
for 1925-1926 It is a fact of especial significance that of these 283 
"new” cases of silicosis only 19 had at any time ever passed the initial 
examination It is an equally important fact that, of all new miners 
who had passed the initial examination and who had never been pre- 
viously employed in mining occupations, only 30 have developed sili- 
cosis, and the axaminations were instituted m 1916 Such data, 
without further comment, make an excellent case for tlie imtial physi- 
cal examination 

In these mines no new miner is given employment now unless he 
have an “initial certificate” which states that its holder “is free from 
any disease of the lungs and respiratory organs, and is in other re- 
spects physically fit for underground work ” The holder keeps this 
certificate for six months of emplojunent when he is entitled to appear 
for a “periodical” examination The purpose of tlie initial examina- 
tion IS to debar all persons who appear more susceptible than tlie 
average to cither tuberculosis or pneumonoconiosis It is a very’ ngor- 
ous one and results in a rejection of onc-third to one-half of the appli- 
cants 

During the year from July, 1927 to July, 1928, no new cases of tu- 
berculosis witli silicosis dc\ eloped among the nearly 15,000 Europeans 
(miners) in South Afnca 

Pneumonocomotics arc peculiarly susceptible to tuberculosis This 
fact makes it plain that proirpi cUnunaUon of tubcrctiloin tndtitduah 
from shops and vttnes is the only sensible course to pursue, once the 
case is detected It is obviously’ the most important single prophv- 
lactic measure 

To follow the reports of the Miners’ Phthi'is ^Icdical Bureau from 
year to year for the last ten years is to rcalirc graphically how gritlfj - 
ing his been the progress in marl edly reduang the incidence of sili 
costs and of tuberculosis with silicosis But such a perusal rcseols 
the fact, commented on Uses here, tint the amount of simple tuberciilo- 
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sis as such has not declined appreciably and in certain years has ac- 
tually appreciably increased 

2 Roentgenological examinahon No examination, initial or peri- 
odic, should be considered as adequate or complete unless an x-ray of 
the cliest be included No single feature is so important in indicating 
early stages of pneumonoconiosis, tuberculosis, or the two diseases in 
combination This subject had been considered under the heading of 
Diagnosis 

3 Spntuni examination. No small part of the examination, pai- 
ticularly the periodic examination, is study of the sputum. Routine 
and careful^ repeated search of the sputum for tubercle bacilli is imperative 
in every looker in dusty hades who has cough and cxpectotation. Last 
year the Miners’ Phthisis Medical Bureau examined 23,426 speci- 
mens of sputum of which 2,388 were from Europeans and the re- 
mainder from natives Among the fonner, tubercle bacilli were found 
in 305 instances or 12 77 per cent and among the latter they were 
present in 3,615 instances or 17 18 per cent (175) This number of 
sputum examinations gives some indication of the importance attached 
to the procedure on the Rand 

General hygiene 

The significance of this heading is obvious Its implications have 
appeared several times in different sections of this tieatise and they 
are so obvious as to require little further elaboration It is one of the 
especially important considerations in the prevention of tuberculosis 
in people with pneumonoconiosis 

Disinfection of work places has had some vogue This has been 
done usually by means of fine sprays of carbolic acid solution oi of 
proprietary products having this substance or its derivatives as the 
chief germicidal reagent In the South African mines disinfection 
has been practiced a good deal It apparently has some advantages. 
It is interesting in this connection to note that tubeicle bacilli have 
been found capable of setting up tuberculosis even after they had 
been left for two months in acid mine water (55). 

Compensation 

No scheme of treatment is adequate or complete which does not in- 
clude compensation to employees who are rendered unfit for work y 
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this disease, for the latter is purely an occupational disease for iihich 
compensation should be aivarded The best and most carefully 
■worked out scheme of this sort is that in force novi m the gold mines of 
the Rand In this region the three diseases for which compensation 
IS specified by legal regulations are simple silicosis, tuberculosis vnth 
silicosis and simple tuberculosis The conditions under which com- 
pensation IS granted are given in the following statement nhich is 
taken from one of the recent reports (175) 

By “Simple Silicosis” is meant silicosis without a defimtch recognizable 
or ‘overt’ tuberculosis, by “Tuberculosis with Silicosis” is meant silicosis 
with overt tuberculosis, and by “Simple Tuberculosis” is meant tuber- 
culosis of the respiratory organs, \ ithout detectable sihcosis 
Any working mmer who is found to be suilenng from one or other of 
these conditions is notified to that effect If he is found to have tuber- 
culosis with silicosis, or simple tuberculosis, he is obliged to relinquish 
underground work immediatelj If he is found to have simple silicosis, it 
IS optional for him to take an award and leave underground work, or to 
remain at work and postpone taking an award Should the miner, hoi - 
ever, remain at work under ground for a period longer tlian three months 
after receipt of a notification that he has silicosis, he forfeits during his 
lifetime all right to an award other than Hint to v Inch he would have been 
entitled at the date of his first notification 

The Bureau is the usual arbiter, but there is also a Medical Board of 
Appeal which must occasionally decide upon an award This scheme 
has apparently worked v'ery satisfactorily, and it or a modification of 
It is in use in certain other countries It is to be recommended 

Other prophylactic measures 

In addition to careful physical examination and the otlicr pre- 
ventive measures alrcadv discussed, tlic following recommendations 
have been suggested (Middleton (128)) 

1 Avoidance of closed shops ^fasons and others should carry on 
fheir work in tlie out-of-<loors as much as possible 
7 Replacement of sandstone wheels bv compo'ition nhccls vhicli 
E"eolT much less silica, botli because tliev are much harder and bc- 
'^use they contain much smaller proportion of uncombincd, rrvstal 
hue sihca 
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of wlonen The potential dangers inherent in 
_=-u3 — T2lsrc<3rzpation should be explained; prejudice and suspicion 
znd employee should be done away with as much as 

-= 1 ^ L~zzL r^z-sr-ons requiring prescribed floor space for workmen 
kerween them Koelsch (106) has stated that in Ger- 
rrrrw snpicygss handling or using sandstone must work at least two 
ancTT 12 . rooms that are at least three meters high, each worker 
rrrsr tr^ sqimre meters of floor space and ten cubic meters of 
me latter increased to 50 cubic meters if the place is smoky 
ar -arasailly ctsty. 


Recapitulahon of prophylaxis 

Trere mcalc be put forth a decided effort to prevent the occurrence 
r, — .'rnroniosis and its complications by the use of both me- 

m md medical precautions such as (1) prohibition of dry driU- 
irt: d rmHbition of dry or wet grinding without adequate suction 
dm ■mmrt'ml. of dust, (3) institution of initial and periodical physical 
uud all that appertains to these in the way of removal 
m:' ’iL aa r>rrzzridi 3 ' ill employees from occupation, treatment and 
'zmrm. 2 sc.mrz of such workmen. All these measures have justified 
zhiszsdms srczdantly wherever they have been properly employed 
md m zr rum more than in South Africa In this country there has 
bsQ a rrsa: fmrrovement in the general standard of health, a reduc- 
mm in fncdmre of pulmonary tuberculosis (among underground 
“orkmen) from 25?- ' 100,000 in the year 1917-1918 to 90 per 100,000 
m. ^•'e rear 1923- " ' " Euroi:.' %j.Tiiners, and from 576 to 328 
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removal of the imner usually folloiss In the experience of numerous 
wnters, early stages of pneumonocomosis may become arrested by 
removal to a rural, nondusty atmosphere Such is the recommenda- 
tion of the New York State Department of Labor (McBimey (119)) 
Likewise in Australia reports (Smith (195)) state that tlie subsequent 
development of tuberculosis m pneumonoconiotic individuals thus 
removed from work is very much less common than in those who, 
although retired from work, remain in the locality as before Smith 
attributed much of this, however, to contact ivith the tuberde bacillus 
in more densely settled, civilized communities It stands to reason 
that the progress of the afTection might be somewhat mitigated and 
Its rate slowed by removal of the irritant which has induced the disease, 
although It does tend to be progressive In this connection Oliver 
has quoted Aitken who wrote as superintendent of Modderfontein 
Sanatorium in South Afnca, tliat in his belief tlie fibrous tissue in 
pneumonoconiotic lungs undergoes partial absorption in persons re- 
moved from dusty atmospheres provided they arc free from tubercu- 
losis and their hearts can withstand tlie long strain tliat is inevitable 
in marked degrees of pneumonocomosis 

People with pneumonocomosis to which tuberculosis has been super- 
added require to be kept on a tuberculosis regunen such as that main- 
tained by an) well-ordered sanatorium Such patients should be 
given the advantages of sanatorium treatment for an extended time, 
because their tuberculosis may run a more chronic course than does 
the ordinary uncomplicated case of tuberculosis They should hiv e 
such treatment as a nght because pneumonocomosis should be a com- 
pensable disease everywhere 
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